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pg. 27: The subscript of fig. III.2 should be: 
Some possible structures of Ni(Bu2 dtc^ I. 
pg. lll:(C2Hs)2NC(S)S-Cl.FeC read: 
(CiH5)2NC(S)S-Cl.FeCl3. 
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CHAPTER I 
INTRODUCTION 
Extensive work has been done last years concerning the 
reactions of metal chelates with sulfur donor ligands. Among 
those the dithiocarbamato ligands gained attention. Interest 
in those complexes is stimulated by their use in the industry 
as vulcanisation accelerators and as high pressure lucibrants, 
whereas the application as fungicides and pesticides induced 
a vast amount of biological and biochemical study. Moreover 
sodiumdithiocarbamate, Na(dtc), is used widely as an analytical 
reagent (1). 
An important field of investigation for the coordination 
chemist is the study of the oxidation-reduction properties of 
complexes with bidentate dithio ligands, especially since 
one-electron step redox series for several metal 1 ,2-dithiolates 
have been found (2). 
The differences, found between the 1,2-dithiolato and the 
dithiocarbamato complexes, become very outstanding in the nickel 
chelates. Whereas nickel 1 ,2-dithiolates can be oxidized with 
retention of the planar structure, to give an one-electron step 
redox series of [NiS.} , η = -2, -1, 0, even a mild oxidation of 
. . + 
Ni(dtc)„ is a complicated reaction ultimately yielding Ni(dtc)., (3) . 
The properties of this compound are very interesting: although 
Ni has the abnormally high oxidation state IV the compound is 
stable, easily prepared and it has a low reduction potential 
(0.12 V) (4). The present work has been undertaken in order to 
gain more information about this peculiar compound, its formation 
and the conditions for its remarkable stability. 
Syntheses were performed at low temperatures in an attempt 
to isolate intermediate products with Ni(JIi). Pd and Pt, being 
in the same column of the periodic table, have properties much 
similar to those of Ni, but with interesting differences as well: 
slow substitution rates of square Μ(,'Γ) and octahedral M(Í7) 
8 
complexes, more ready accessibility of the JF-state especially 
for Pt and the virtual non-existence of the ITJ-state. So we 
have explored the chemistry of Pd and Pt dithiocarbamates, starting 
with the well-known Pd(dtc),, and Pt(dtc) and applying different 
oxidation procedures with the intention to look for analogies and 
differences with the N'i compound5 which could elucidate its 
chemistry. 
The function of the donor atom in the stabilization of structures 
and oxidation states was investigated by comparing dithiocarbamates 
with monothiocarbamates and diselenocarbamates, where 0 and Se 
instead of S are the coordinating donors. 
Recent NMR studies by Pignolet and coworkers (5) on the fluxional 
behaviour of trisdithiocarbamates, have lead to some interesting 
conclusions about the intramolecular mobility of these compounds. 
We have been trying to extend the work on this subject by studying 
the trans-cis isomerisation and the non-rigidity of some new Ni 
and Pt compounds. 
Prolonged oxidation of metal dithiocarbamates often results 
in the formation of compounds of the so called bitt ion 
0 / \ © 
R,N = C C=NR, 
2
 \ / 2 
s-s 
These compounds can be used in some syntheses, so we have 
given some attention to its chemistry in relation to the Ni, Pd 
and Pt dithiocarbamates. 
In chapter II a survey of the literature pertaining to the 
problems dealt with in this thesis is given. Our own experimental 
work is presented in chapter III (dithiocarbamates of Ni, Pd and 
Pt) and chapter V (monothio- and diselenocarbamates). Some rather 
speculative suggestions about reaction sequencies are given in 
chapter IV. Details of synthetic work, analytical data and physico-
chemical measurements are presented in chapter VI. The thesis is 
completed with a short summary containing results and conclusions. 
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CHAPTER II 
LITERATURE SURVEY 
Introduction 
The dithiocarbamates of the nickel group elements have been 
known for a long time and have been the subject of several investigations. 
The features of these investigations relevant to the work described 
in this thesis have been summarized in the survey below. 
Preparation 
The preparation and chemical properties of Ni(RR'dtc)9 with 
various R and R' groups have been reported by several authors 
(see table XVIII of reference (1)). 
Apart from the general procedure which is the reaction of a 
nickel salt with an alkalimetal dithiocarbamate, special procedures 
have been claimed for Ni(Me„dtc)9 (the reaction between NiCl-.бН-О 
and Me.tms) (2) and NiiEt.dtc)« (the reaction between a nickel salt 
and Et.tds) (3). 
Reactions involving oxidation of Ni(R„dtc)9 by means of 
halogens are described by Brinkhoff (4), Avdeef et al. (5) and 
Nigo et al. (6). While Nigo claimed to have prepared Ni (Et-dtcKBr. 
by reaction of Ni(Et2dtc)2 and Br„, Brinkhoff et al. found that 
halogens caused oxidation to complexes of the composition Ni(Et.dtc),X, 
which was confirmed by Avdeef and Fackler (5). They also performed 
a succesful X-ray analysis. We never succeeded to obtain Ni(Et7dtc).Br„, 
but on the basis of the IR, UV and NMR spectral data given by Nigo 
and coworkers, we believe their product to be Ni(Et_dtc) Br, 
contaminated with NiBr . The molar weight determination by Nigo 
is not in accordance with this assumption. However, the information 
in their communication is insufficient to make definitive statements 
about their product. 
Oxidation of Ni(Et„dtc)_ with a 80-fold excess of Et.tds in 
benzene or toluene did not lead to an isolable product. Solozjenkin 
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and Kopitsja (7) ascribe Che ESR signal from this mixture as 
caused by a піскеІ(-ГІІ) product formulated as Ni(Et-dtc) . On heating 
the solution the signal disappears. This could be due to formation 
of a nickel(IV) species. Though there is no proof to substancíate 
this alternative, the formation of a nickel(JJ) complex indeed seems 
less likely in view of the large excess of oxidant present. Our 
experiments have confirmed these observations but we have not 
extended the investigation further. 
Earlier attempts to oxidize Ni(Et,dtc)- have been reported 
by Hieber and Brück (8). They used oxygen in strong alkaline medium 
without other results than the decomposition of the dithiocarbamate. 
From the reaction of Ni(PhHdtc)9 with Na-S, they obtained a product 
formulated as a nickel(ГУ) compound. Fackler and coworkers (9) 
showed this to be a sulfur-rich dithiocarbimate of the formula 
2\N ι 
\ 
S — S 
S — с, 
The preparation of palladium and platinum dithiocarbamates 
follows the general procedure (1, 10). 
Briscoe and Humphries (11) discovered that during the extraction 
2+ . . . 
reactions of Pd with Cu(Et9dtc)7 in acid medium in the presence of 
2+ . . 
an excess of Pd a product with the stoichiometry PdCl(Et_dtc) was 
formed. This was deduced from the rate curve of the extraction with 
labelled PdCU. It was shown that the production of PdCl(Et2dtc) was 
autocatalytic in nature and that a very high chloride ion concentration 
prevented the formation of the product. No attempts were made to 
isolate the product. The isolation of this type of compound is 
described in this thesis (chapter III) together with some physical 
properties. 
Similarly reactions involving platinum dithiocarbamates have 
been described although the products were not isolated. Bobtelsky (12) 
A+. 
carried out heterometric titrations of Pt ions with Na(Et„dtc), 
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obtaining a graph of optical density against concentration of 
Na(Et dtc). He interpreted his curves by the assumption of products 
with composition: Pt(Et dtc)Cl, (at pH 3), Pt(Et dtc) CI , 
Pt (Et dtc) CI and Pt(Et dtc) (at pH Д.7). Although it seems 
unlikely that any compound with the stoichiometry Pt (Et dtc) CI 
could exist, the other products can be seen as members of a series 
2-
starting from PtCl in which every two chlorine ions are replaced 
6 
successively by one dithiocarbamato anion. In Chapter III compounds 
with the stoichiometry Pt(Bu dtc) X and Pt(Bu dtc) are discussed, 
but attempts to synthesize a product with the composition Pt(dtc)X 
have not as yet succeeded: the alkalimetal dithiocarbamate, used 
as starting material, decomposed at the pH given by Bobtelsky. 
A large number of platinum complexes prepared from Me.tds and 
К PtX, (X = CI, Br) or Na^PtCl^ has been reported by Babaeva et al. 
2 4 2 6 
(13) (see table II.]). On the basis of analytical data alone they 
establish the nature of the obtained complexes. It is obvious that 
their method is not very suitable for distinguishing between a 
thiuramdisulfide and a dithiocarbamato complex. The product formulated 
as PtCl Me,tds for instance could equally well be Pt(Me dtc).Cl„. 
2 ή I I I 
An analogous product with butyl groups instead of methyl was found 
in our investigation and was identified as definitely being a 
dithiocarbamato complex. We never succeeded to synthesize a 
platinum tetrabutylthiuramdisulfide complex analogous to any of the 
complexes formulated by Babaeva, instead the reaction of half a mol 
К PtCl, with one mol Bu,tds resulted in the formation of Pt(Bu„dtc).CI. 
2 A 4 2 3 
Recent investigations in our laboratory, however, revealed that 
the alkyl groups have a large influence on the products resulting 
from a reaction (14), so no further comments can be made about 
the nature of the products given by Babaeva. 
The interest in the dithiocarbamato complexes led to the 
synthesis of their selenium analogues and comparison of the 
properties of these two ligands. 
Nickel(JJ), palladium(JI) and platinum(JJ) diselenocarbamates 
synthesized so far are Ni(Me2dsc)2 (15), Ni(Et2dsc)2 (16,17,18), 
14 
Ni(Bu2dsc)2 (19), Pd(Et2dsc)2 (18), Pd(Bu2dsc)2 (19) and 
Pt(Bu2dsc)2 (19). 
The preparation follows the same route as the general procedure 
for the synthesis of the dithiocarbamato complexes, but using CSe. 
instead of CS ; other aspects of the properties of these ligands are 
also very similar. 
Attempts to oxidize Ni(Et„dsc)7 with bromine have been reported 
to produce Ni(Et2dsc)2Br2 (17). Once again the data for 'Ni (Et2dsc)2Br2 ' 
and for Ni(Et7dsc)_Br, prepared in our laboratory (4a), make us think 
that these compounds are identical, the latter stoichiometry being 
correct. This has been confirmed by the synthesis of Ni(Bu_dsc)-X 
(X = CI, Br) (chapter V and ref. 4a) and the structural analysis 
of Ni(Bu dsc)3Br (20). 
Complexes containing thioselenocarbamato ligands have been 
synthesized by Tanaka and Sonodo (21) and by Heber et al. (22). 
Whereas the latter followed the general procedure for the 
preparation of the dithiocarbamates using CSSe instead of CS and 
prepared Ni(Et9tsc)9 and Pt(Et9tsc)9, Tanaka and Sonodo synthesized 
M(R2tsc)2 (M - Ni, Pd, Pt; R = Me, Et) starting from Me SnCl(R2tsc) 
obtained by reaction of {Me SnSe} with R NC(S)C1 (23). 
As expected the properties found for the thioselenocarbamates 
do not differ much from those of the dithio and the diselenocarbamates. 
Structural data 
X-ray structural data for several nickel(IT)dithiocarbamates, 
for palladium (IT) and platimm(IT)diethyldithiocarbamate and for 
nickel(IT)diethyldiselenocarbamate are known. Furthermore structural 
analyses of tris (N,N-di-n-butyldithiocarbamato)nickel(Il') bromide (5) 
and its selenium analogue (20) have been performed. 
The references, together with some data, are given in table (II.2). 
Comparison with the structures of other dithiolato complexes is made 
in a review by Eisenberg (24). 
The Ni-S distances in the nickeldithiocarbamato compounds are 
all in the range expected for a planar diamagnetic nickel(IT)complex. 
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TABLE II.2 
Important bond distances and angles of nickel, palladium and platinum dithio and diselenocarbamato complexes. 
S(e)CS(e) 
Nl(H2dtc)2 
Ni(Me2dtc)2 
Nl(Ec2dtc)2 
Nl(n-Pr2dtc)2 
Nl(l-Bu2dtc)2 
Pd(Et2dtc)2 
Pt(Et2dtc)2 
Nl(Et2dsc)2 
Nl(n-Bu2dtc) Br 
Nl(n-Bu2dsc)3Br 
Space 
Group 
рг^с 
рг^а 
рг^с 
Ρ4/η 
P^/mmm 
R3 
PZj/c 
P42/n 
P«2/n 
рг^с 
РЗІс 
РЗІс 
M-SCe), 
2.21(1) 
2.203(9) 
2.207(2) 
2.210(2) 
2.317(3) 
2.32 
2.32(2) 
M-S(e) 2 
Distances ι 
2.22(2) 
2 196(9) 
2.195(2) 
2.199(2) 
2.315(3) 
2.29 
2.32(2) 
2.261(2) 
2.391(5) 
C-SM^ С 
(8) 
1.70(3) 1 
1.70(1) 1 
1.713(7) 1 
1.726(8) 1 
1.73(1) 1 
1.86(2) 1 
1.708(5) 
1.78(3) 
-S(e) 2 
68(2) 
.72(1) 
.700(7) 
.702(8) 
•70(1) 
.84(2) 
C-N 
1.37(3) 
1.30(2) 
1.33(1) 
1.33(1) 
1.32(1) 
1.36(3) 
1.318(8) 
1.48(8) 
S(e)MS(e: 
Angle. 
78.5(3) 
79.2(1) 
78 2(2) 
79.38(8) 
75.5(1) 
75 52 
81.0(1) 
76.33(6) 
77.4(4) 
111.7(1.2) 
109.8(7) 
110 57(62) 
110.45(42) 
111.5(7) 
108(1) 
109 8(4) 
114(1) 
a 
Ь 
с 
d 
d 
e 
£ 
i 
h 
1 
J 
к 
a L. Capacchi, M Nardelli and A. Villa, Chem. Comm. 441(1966), C F . Casparn, M. Nardelli and A. Villa, 
Acta Cryst. 23, 348 (1967) 
b P.W.G. Newman and A.H. White, J. Chem. Soc. Dalton 1460 (1972) 
с M. Bonamiсо, G. Dessy, С. Mariani, A. Vaciago and L Zambonelli, Acta Cryst. 19, 619 (1965) 
d A. Vaciago, and Α. Fasana, Rend. Accad. Lincei 2_5, 528 (1958) 
e G. Peyronel and A. Pignedoli, Acta Cryst. ¿З, 399(1967) 
f see réf. 31b 
g P.T. Beurskens, J.A. Cras, Th.W. Hummelink and J.H. Noordik, J. Cryst. Mol. Struct. J^ , 253 (1971) 
h A.Z. Amanov, G.A. Kukina and M.A. Porai-Koshits, Zh. Struct. Khim B, 174 (1967) 
ι M. Bonamico and G. Dessy, Chem. Comm. 1114 (1967) (corrected, private coimunication) 
j see ref 5 
к see ref. 20 
Only Ni(H-dtc). shows a tetrahedral distortion from planarity, 
presumably because of the presence of hydrogen bonding interactions. 
The C-S distances (1.70 A) are normal for a C-S sp bond. 
The C-N bond length indicates a significant amount of double 
bond character, and hence that of the canonical forms that can be 
written for the structure of the dithiocarbamates: 
S & S® S 
M X-N M C=N M NC-N V 
S S © S Q 
the one with the double bond makes an appreciable contribution. 
This is also indicated by infrared data. 
In view of the large standard deviation the C-N bond in NiCBu.dsc).Br 
cannot be considered as significantly longer than in Ni(Et_dsc)_. 
The bite angle S(e)-M-S(e) is about 75 , which is a typical 
value for the dithiocarbamato ligands. As the ligand bite in a 
chelate ring of given size varies less than any other structural 
parameter, trisdithiocarbamatocomplexes have a highly compressed 
trigonally distorted structure (25). This distortion is usually 
described by the angle Ф, through which a trigonal prism is 
twisted about the three-fold axis (φ = 60 results in an 
octahedron). The values for the twist angle φ, the bite distance 
b/a (in which b is the distance between the two donor atoms of 
one ligand and a the metal-ligand distance) are Ni(Bu-dtc)., : 
φ = 44.60°, b/a = 1.23; NiiBu^sc)^: φ = 47.20°, b/a = 1.26 
and Co(Et2dtc)3: φ = 42.53°, b/a = 1.23 (26). 
Infrared spectra 
Many authors have published infrared spectral data for 
dithio and diselenocarbamato complexes. Among the data for the 
nickel group complexes three publications deal with normal 
coordinate analysis. On the basis of a 1:1 (metal/ligand) model 
17 
this was carried out for Pt(H2dtc)2 by Nakamoto (27) and for 
Ni(Me2dtc)2 and Ni(Me2dsc)2 by Durgaprasad et al. (28). 
Durgaprasad, however, was not able to prepare Ni(Me.dsc)7. 
Jensen and Krishnan (15) synthesized this product and showed 
Durgaprasad's calculation to be incorrect as only one band in 
the spectrum corresponded with the calculated values. On the 
basis of a 1:2 (metal/ligand) model a normal coordinate 
analysis for Ni(Me,dtc)2 and Ni(Me2dsc)2 was carried out by 
Jensen et al. (29). 
According to this analysis the C-N stretching frequency 
vibration is found in the region 1500 - 1600 cm , as is common 
for the complexes M(RR'dtc)2, M(RR'dsc)2 and M(RR'tsc)2 
(M - Ni, Pd, Pt; R,R' = alkyl). The C-N stretching frequency also 
makes an important contribution to the vibration at 570 and 
535 cm for Ni(Me2dtc)2 and NiÇMe^dsc)- respectively. 
The same normal coordinate analysis reveals that, in 
Ni(Me2dtc)», symmetrical C-S stretching is involved in the 
-1 band found at 1150 cm and is responsible for the main 
contribution to the band at 570 cm . The absorptions at 
1246 and 414 cm are mainly ν C-S, whereas the band at 
-1 Μ . . . . . 
975 cm is only partly due to this vibration. Other publications 
(15,30,28) locate the C-S frequencies at 975 and 600 cm . 
It is claimed that bands at 993, 915-910, 575 and 490 cm" 
in Ni(Et2dtc)2 (4b, 15,30) and at 600 cm"
1
 in Ni(Bu2dtc)2 (4b) 
have a C-S character. Nakamoto considers the 622 cm band in 
Pt(H7dtc). to be due to a pure C-S vibration, whereas a C-S 
vibration also contributes to the absorptions in the 1225-1100 
cm region and at 820 cm 827). 
The C-Se stretching frequencies in Ni(Me~dsc)2 are located 
at 535 cm"' (v ) and 378 cm"1 (v ) (29). 
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When R = R' = butyl the CS and C-Se frequencies are 
difficult to identify without a normal coordinate analysis, 
as many absorption bands are present in the 1000-800 cm 
region where the C-S and C-Se absorptions are expected. In 
general the absorption at about 650 cm will have an 
appreciable C-S character. 
The Ni-S frequency bands are found at 388 (v ) , 376 (v ) 
and 179 cm (out of plane) according to Jensen (29). Ojima (2) 
ascribes the absorptions at 375, 300 and 179 cm (out of 
plane) to the Ni-S frequencies, whereas Durgaprasad (28) 
locates them at 438 and 410 cm 
In Ni(Et2dtc)2 and Ni(Bu2dtc)2 Ni-S bands should lie at 
389 and 387 cm respectively (4b). 
The Pd-S stretching frequencies are given by Ojima for 
Pd(Me2dtc)2 as 361, 270 and 163 cm (out of plane). A rough 
calculation for the location of the Pd-S stretching frequencies 
can be made, assuming that only the mass effect is involved. 
Taking the Ni-S stretching frequencies as given by Ojima as 
a standard the Pd-S frequencies should be located at 344 
and 275 cm . Although in the spectrum given by Ojima a strong 
absorption is observed at 347 cm , the author does not assign 
this absorption to a M-S vibration frequency. Taking the Ni-S 
bands according to Jensen as a standard, the Pd-S stretching 
frequencies are calculated to be at 356 and 345 cm 
The Pt-S stretching frequency in PtiHjdtOj gives the 
375 cm absorption, whereas the Pt-S is involved in the 
vibrations at 560 and 288 cm" (27). 
The Ni-Se frequencies in NitMe^dsc)^ were considered to 
19 
be responsible for the bands at 298 cm (v and \> ) and 
, s as 
144 cm" (29). 
Summarising the assignment of the metal-sulfur frequencies 
as given by the various authors (table II.3), we see that there 
is little agreement. It should be worthwhile to compare the 
spectra of a series of dithio and diselenocarbamato complexes, 
all well defined in structure by X-ray analysis, to elucidate 
this problem. At the moment it is impossible to use the data 
in the literature either to prove or to disprove Nakamoto's 
statements (27) that the O S and M-S stretching bands are 
shifted to higher frequencies as the metal is changed in the order 
Pt(-Z"J), Pd(JI), Ni (II), and that the C-N stretching band is 
shifted to lower frequencies in het same order. The discrepancy 
between the latter statement and the values for the M(Me9dtc)9 
-1 -1 -1 
series (M = Ni: 1550 cm ; Pd: 1521 cm ; Pt: 1529 cm ) , 
is possibly due to the fact that the spectra were recorded 
in the solid state (KBr), where the crystal as well as the 
molecular symmetry influences the spectrum. A good comparison 
of the frequencies can only be given when all spectra are 
recorded in solution. 
Table II.3 M-S(e) absorption frequencies according to the 
literature. The absorption bands positions are 
-I 
179 (out of plane) ref 29 
179 (out of plane) ref 2 
ref 28 
ref 4b 
ref 4b 
163 (out of plane) ref 2 
Pt(H2dtc)2 375 Pt-S involved in 560 and 288 ref 27 
Ni(Me2dsc)2 298 (v ) 298 (v ) 144 (out of plane) ref 29 
given 
Ni(Me2dtc)2 388 (\ 
375 
438 
Ni(Et2dtc)2 389 
Ni(Bu2dtc)2 387 
Pd(Me2dtc)2 361 
in 
,s) 
cm • 
376 
300 
410 
270 
^as> 
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Electronic spectra 
Only a few publications about the electronic spectra 
of the nickel group dithio (31), diseleno (32,18,19) and 
thioselenocarbamates (21 ,22) are known. All authors agree in 
the assignment of the d-d transitions, which are found at 
about 16 and 21 kK, 15 and IB kK and 15.5 and 19 kK for the 
complexes Ni(R_dtc)2, NiCR-dsc), and NiiRjtsOj respectively. 
The spectrochemical series derived from the spectra is 
NH 3 > H 20 > xant > urea > dtc = F > dsc > CI i dsp > Br , 
whereas tsc is intermediate between dtc and dsc . 
A review of spectra and the electronic structure of 
complexes with sulfur-containing ligands is given by J^rgensen (32). 
NMR and ESR spectra 
The NMR spectra of Ni(R2dtc)2 are reported by Golding 
et al. (33). The spectra are normal and not markedly temperature 
dependent. The spectrum of Ni(iPr.dtc)_, however, shows a 
splitting of the isopropyl methyl group at low temperatures. 
They interpret this in terms of eteric hindered rotation about 
the S2CN(-CH(CH-)2)2 bonds, leading to slow exchange of the 
bulky N-substituents. 
Nikolov (34) states that for the symmetrically bonded 
dithiocarbamato complexes a correlation exists between the 
position of the α-methylene proton signals and the C-N stretching 
frequency. This correlation is formulated as 10 - 6(CH.) » 
-1 ¿ 
0.00332 v(CN) + 11.16 (δ in ppm; V in cm ). When, however, the 
C-N stretching frequency of Pt(Et2dtc)2 is derived from the 
methylene proton resonances by means of this formula, a value 
below 1490 cm is calculated. As the observed value is 1516 cm 
(in CHCl») the relation has to be handled with care. 
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ESR signals could not be observed in M(dtc). (M = Ni, Pd, Pt), 
Я 
as is expected for a metal with a square planar d configuration. 
An ESR signal, however, is found after treating Ni(Et..dtc)9 
with an ЯО-fold excess of Et.tds; this was ascribed to 
4 
Ni(Et.dtc), (7). When the temperature is raised, the signal 
disappears, due to oxidation to a diamagnetic Ni (.IV) complex 
as is claimed by the authors. On lowering the temperature the 
signal reappears, so this oxidation has to be reversible. 
From the spectrum in frozen solutions g values were 
calculated and a trisdithiocarbamato complex with a trigonal 
prismatic coordination symmetry was assumed. 
Repeating this experiment we found an ESR fignal for the 
mixture of Ni(Et7dtc)7 and Et.tds, but no signals were observed 
when a solution of Pd(Et dtc). or Pt(Et„dtc)„ was treated with 
an excess of Et.tds. This is not very surprising as Pd(Xl.i) 
and Pt(JJJ) compounds are not known up till now. 
References 
(!) D. Coucouvanis, Progr. Inorg. Chem. П_, 233 (1970). 
(2) T. Ojima, T. Onishi, T. Iwamoto, N. Inamoto and K. Tamaru, 
Inorg. Nucl. Chem. Lett. 6^  65 (1970). 
(3) V. Tamminen and E. Hjelt, Suomen Kemistilehti B23, 
39, (1950). 
(4) H.С Brinkhoff, J.A. Cras, J.J. Steggerda and J. Willemse, 
Ree. Trav. Chim. 88, 633 (1969). 
H.С Brinkhoff, Thesis, Nijmegen (1970). 
H. С. Brinkhoff, Ree. Trav. Chim. 90, 377 (1971). 
(5) A. Avdeef, J.P. Fackler Jr. and R.G. Fischer Jr., 
J. Am. Chem. Soc. 92, 6972 (1970). 
J.P. Fackler Jr., A. Avdeef and R.G. Fischer Jr., 
J. Am. Chem. Soc. 95, 774 (1973). 
22 
(6) Y. Nigo, I. Masuda and K. Shinra, Chem. Comm. A76, (1970). 
(7) P.M. Solozjenkin and N. Kopitsja, Dokl. Akad. Nauk. 
Tadzh.S.S.R. J_2, 30 (1969). 
(8) W. Hieber and R. Brück, Ζ. anorg. allg. Chem. 269_, 13 (1952). 
(9) J.P. Fackler Jr. and D. Coucouvanis, J. Am. Chem. Soc. 
89, 1745 (1967). 
(10) G. Sceney and R.J. Magee, Inorg. Nucl. Chem. Lett. j_0, 323 (1974) 
(11) G.B. Briscoe and S. Humphries, Tal anta j_6, 1403 (1969). 
(12) M. Bobtelsky and J. Eisenstadter, Bull. Soc. Chim. 
France 24, 708 (1957). 
(13) A.V. Babaeva, G.V. Derbisher, and G.G. Afanas'eva, 
Russ. J. Inorg. Chem. !_, 6 (1962). 
A.V. Babaeva and G.V. Derbisher, Russ. J. Inorg. 
Chem. ]_, 1401 (1962). 
(14) J.A. Cras, P.J.H.A.M. van der Leemput, A.J. van Seters 
and J. Willemse, to be published. 
(15) К.A. Jensen and V. Krishnan, Acta Chem. Scand. ¿4, 1088 (1970). 
(16) A. Rosenbaum, Η. Kirchberg and E. Leibnitz, J. f. Prakt. 
Chem. j_9, 1 (1963). 
(17) К.A. Jensen and V. Krishnan, Acta Chem. Scand. 2J_, 2904 (1967). 
(18) C. Furlani, E. Cervone and F. Diomedi Camassei, 
Inorg. Chem. 7, 265 (1968). 
(19) B. Lorenz, R. Kirmse and H. Hoyer, Z. anorg. allg. Chem. 
378, 144 (1970). 
(20) P.T. Beurskens and J.A. Cras, J. Cryst. Mol. Struct. i_, 
63 (1971), 
(21) T. Tanaka and N. Sonoda, Inorg. Chem. W, 2337 (1971). 
(22) R. Heber, R. Kirmse and E. Hoyer, Z. anorg. allg. Chem. 
393, 159 (1972). 
(23) T. Kamitani and T. Tanaka, Inorg. Nucl. Chem. Lett. b_, 
91 (1970). 
23 
(24) R. Eisenberg, Progr. Inorg. Chem. 12^, 295 (1970). 
(25) E.I Stiefel and G.F. Brown, Inorg. Chem. JJ_, 434 (1972). 
(26) S. Merlino, Acta Cryst. B24, 1441 (1968). 
(27) К. Nakamoto, J. Fujita, R.A. Condrate and I. Morimoto, 
J. Chem. Phys. 39, 423 (1963). 
(28) G. Durgaprasad, D.N. Sathyanarayana and C.C. Patel, 
Can. J. Chem. 47, 631 (1969). 
(29) K.A. Jensen, B.M. Dahl, P.H. Nielsen and G. Borgh, 
Acta Chem. Scand. 26, 2241 (1972). 
(30) A.T. Pilipenko and N.V. Melnikova, Russ. J. Inorg. 
Chem. ^4, 236 (1969). 
A.F. Pilipenko and N.V. Melnikova, Russ. J. Inorg. 
Chem. _14» 967 (1969). 
(31) S. Kida and H. Yoneda, J. Chem. Soc. Japan 76, 1053 (1955). 
A.A. Tomlinson and C. Furlani, Inorg. Chim. Acta 3, 487 (1969). 
CK. J^rgensen, J. Inorg. Nucl. Chem. 24, 1571 (1962). 
R. Dingle, Inorg. Chem. H), 1141 (1971). 
(32) C.K. Jdrgensen, Inorg. Chim. Acta Rev. £, 65 (1968). 
(33) R.M. Golding, P.C. Healy, P.W.G. Newman, E. Sinn and 
A.H. White, Inorg. Chem. П_, 2435 (1972). 
(34) G.St. Nikolov, Inorg. Nucl. Chem. Le.tt. ]_, 1213 (1971). 
24 
CHAPTER III 
R2NCS2 COÎfPLEXES 
III.l NICKEL BIS(N,N-DI-n-BUTYLDITHIOCARBAMATO)IODIDE 
Introduction 
During the investigations on the oxidation of Pd(R_dtc). 
and Pt(R.dtc), we found compounds with the stoichiometry 
M(R2dtc)2X2 (M = Pd, Pt; X - Br, I) (see part 2 of this chapter). 
The platinum complexes could be synthesized at room temperature, 
whereas the palladium compounds could only be obtained by 
lowering the temperature of the reaction mixture to 0 .Up to 
now attempts to prepare nickel complexes with the same stoichiometry 
have failed. Ni(J7)(R dtc),X was obtained when the oxidation 
was carried out at room temperature; on cooling the reaction 
mixture to -30 , however, a Ni(JII) compound, Ni(IJX)(Bu„dtc)_I, 
resulted. 
Synthesis 
Ni(Bu_dtc)_I could be obtained by the reaction of I_ and 
Ni(Bu-dtc)_ at a temperature of -30 in diethylether. 
Synthesis is also possible by mixing solid I and 
Ni(Bu_dtc)« at room temperature. 
Results and discussion 
The stoichiometry of Ni(Bu dtc).I is confirmed by analytical 
data. Because of decomposition in solvents such as chloroform 
and benzene, no molecular weight determinations could be 
performed. Electronic solution spectra yielded evidence that, 
in CHC1,, the decomposition proceeded slowly to Ni(Bu„dtc). 
and iodine. In ethyl alcohol a Ni(Bu_dtc).I solution 
disproportionated to Ni(Bu_dtc)_I_ and Ni(Bu.dtc).. 
So far attempts to prepare the chlorine and bromine 
analogues have failed. 
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Infrared spectra 
From the infrared spectra in the region 4000 - 700 cm 
the C-N stretching frequency was found to increase with 
increasing formal oxidation number, as expected (Ni(JJ)(Bu.dtc)- : 
1502 cm"1; Ni(III)(Bu2dtc)2I: 1518 cm"
1
; Ni(IV)(Bu2dtc) I : 
1538 спГ'О))· 
The spectrum in the region 700 - 200 cm showed an absorption 
band at 377 cm which we ascribe to one of the Ni-S stretching 
vibrations and one at 275 cm which could be due to a Ni-I 
stretching vibration. 
Magnetic susceptibility 
Magnetic measurements showed that the Curie-Weiss law 
was followed in the range 103 to 295 K, with a Weiss temperature 
θ = -28 0Κ (see fig III.]). For у
 f f a value of 1.33 BM was 
found. This is rather low for a complex with a metal in a 
d configuration in which one unpaired electron and therefore 
μ -, of 1.73 BM is expected for the low spin case. Other 
trivalent nickel complexes such as Ni(R P)-X (X = CI, Br) 
and Ni(ТЕР)Br (ТЕР = tetraethylethylenedifosfine) (2,3), have 
magnetic moments of 2.0 BM. They are believed to have a 
trigonal bipyramidal structure. 
A few isdelectronic, five-coordinated cobalt complexes 
are known e.g. {Co(TEP),I}I (4). This compound has a square 
pyramidal structure and the magnetic moment is higher than 
for our nickel complex (2.2 BM). 
The negative value of the Weiss temperature of Ni(Bu,dtc)-I 
indicates antiferromagnetism at very low temperatures. Some of 
this antiferromagnetism could remain at higher temperatures 
and reduce the value of μ ,,. However, the straight line of 
the plot of l/χ vs. Τ is in contradiction with this explanation. 
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Fig III.l. Temperature dependence of the magnetic susceptibility 
for Ni(Bu2dtc)2I. 
ESR spectra 
Ni-Ni interaction is excluded from the ESR spectrum 
of a powdered sample. Only three absorption lines are found 
from which the three principal g-values are calculated to be 
2.260, 2.215 and 2.027 respectively. As the values of g and 
g. are nearly the same, there is an almost axial symmetry 
about the direction of g,. These data can be ascribed to a 
square pyramidal coordination of the nickel atoms in which 
we would expect g. - g. Φ g.. 
Structure 
X-ray analysis of the structure could not be performed 
as it was impossible to obtain crystals. Nor could mass spectra 
give information about a monomeric or polymeric structure as 
dissociation of the product occurred in the sample compartment 
of the spectrophotometer. Thus we only can propose some 
possible structures. 
Apart from the monomeriс square pyramidal structure 
(cf. the structure of Fe(Et2dtc).Cl (5)), which does not account 
for the low magnetic moment, some dimeric structures can be 
thought of as shown in fig. III.2. 
The structure shown in fig. III.2a resembles that of the 
bis(l,2-dicyanoethylene-l,2-dithiolato)nickel(JJr) monoanion (6) 
in which a reduction of the magnetic moment is also found 
due to a spin correlation of the unpaired nickel spins via 
the sulfur atoms. Here, however, no Curie-Weiss behaviour 
is found. A straight line of l/χ is only found when diluted 
in the isomorphous cobalt(JJJ) chelate. 
Structure III.2b resembles the structure of Ni(Et_dtc), 
as proposed by Solozjenkin and Kopitsja (7). This structure 
is proposed on the basis of the principal g values (2.032, 
2.127 and 2.137 respectively). 
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In fig. III.2c a structure is shown which does not differ much 
from the structure we propose for trans-Pt(Bu„dtc)»I_, which is 
obviously polymeric (see this chapter part 2). 
The remarkable solid state reaction of Ni(Bu„dtc)„ and I« 
supports the assumption of the structures shown in fig III.2b and III.2c. 
Solid state réaction 
The infrared spectrum of a mixture of Ni(Bu„dtc)„ and I, taken 
after three hours showed that Ni(Bu dtc) I was formed; after one 
day the reaction had proceeded as far as formation of Ni(Bu dtc),I,. 
An analogous reaction was found for Pt(Bu dtc). and I-, yielding 
trans-Pt(Bu.dtc).!» after three hours; however, no Pti-TJJ) 
intermediate could be detected. A mechanism of rapid diffusion of 
iodine molecules into the crystal lattice of the metal dithiocarbamate, 
followed by electron transfer from the metal atom to the iodine 
molecules with cleavage of the molecular iodine bond, supports 
the structures given in fig ІІІ.2Ъ and III.2c. In the structure 
of Ni(dtc)9 the molecules are not all parallel. There are 
two sub-stacks in each of which the molecules lie parallel, whereas 
the molecules of the two sub-stacks lie perpendicular to each 
other (8). Diffusion of iodine in the lattice, however, can 
lead to a reorientation of the molecules. 
The proposed structures for Ni(Bu„dtc).I, however, do 
not explain the low magnetic moment. This low moment is 
perhaps a result of a disproportionation of a small portion 
of the Ni(III) compound into diamagnetic Ni(IT) and NiCZT) compounds. 
III.2 THE DIHALOGENOBIS(DITHIOCARBAMATO) COMPLEXES 
Introduction 
In the preceeding section we said that iodation of Ni(Bu-dtcl, 
at -30° yielded Ni(Bu dtc)2I, whereas Ni(Bu2dtc)3X (X = CI, Br, I ) 
was obtained by direct halogenation at room temperature (1, 9). 
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The reaction of Pd(Bu2dtc)2 or PtCBu.dtc). with halogens 
yields products with the stoichiometry MC H ,N3 Χ (M = Pd, Pt; 
X = Br, I). 
In this section the study of these compounds is described. 
Synthesis 
M(Bu-dtc)9X9 can be obtained by the reaction of M(Bu.dtc)9 
and X. (X = Br, I) in diethylether at room temperature for M = Pt 
and at 0° for M = Pd. 
Results and discussion 
As the complexes Pd(Bu-dtc)7X2 (X = Br, I) are less stable 
in solution than the platinum analogues, most of the investigations 
were carried out on the latter compounds. 
The reaction of Pt(Bu2dtc)2 with !„ yields two products - a 
brown complex immediately precipitated when all of both reagents 
in diethylether was added together and stirred, but a red product 
was obtained after evaporation of the solvent after the iodine 
solution was added dropwise to the Pt(Bu„dtc)- solution. The brown 
complex is converted to the red compound if dissolved in 
chloroform and reprecipitated with diethylether. 
Eig III.3; Far infrared spectra of Pt(Bu^dtc).!- - a) cis, b) tra 
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Both products are diamagnetic, their composition is the same, 
but they have different infrared spectra (fig. IÎI.3). 
ESCA spectra 
The ESCA spectra (10) of both compounds are the same and show 
only one absorption band present at the S(2pi, 2p|) binding energy 
of 165 eV, somewhat broadened due to the unresolved 2pi and 2pa 
absorption. In a thiuramdisulfide complex HgCl-(Bu,tds) (1) two 
resolved peaks are present (164 and 165 eV) due to the S atoms 
with two different environments. In PtiBu.dtc). one band is found 
at 164 eV. In the region of the S(2s) ejection energy the same 
pattern is found. From these spectra we can conclude that in our 
products the ligand present is dithiocarbamate and not thiuram-
disulfide. This is confirmed by the ESCA spectra recorded in the 
region of the Pt(4fs, 4f7) binding energy, which show absorptions 
2 2 
at 79.3 and 76.0 eV, compared with 77.0 and 73.6 eV for PtiBu.dtc),; 
thus oxidation of the metal has occurred. 
Molar weight arid aonduativity 
Molar weight measurement on Pt(Bu-dtc)9I_ in chloroform solution 
at 37 gives a value of 862, whilst 857 is the theoretical value 
for the monomer. 
In nitrobenzene it was found to have a non-electrolytic character. 
Only the red product is stable in solution, so the latter 
measurements merely give information about this compound. 
X-ray structure 
X-ray crystallographic analysis of the red product, performed 
by Mrs. J.G. Wijnhoven (11), showed this complex to be cis-Pt(Bu_dtc)9I„. 
The coordination of the platinum is shown in fig III.4. Some bond 
angles and distances are given in fig. III.5. The platinum atom is 
in distorted octahedral coordination with two iodine and four sulfur 
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Ι Pt S С Ν 
Fig III.4. Projection of two molecules of cis-PtCBu.dtc).!. along 
the c-axis (omitting the butyl chains). The positions of 
a twofold axis, a twofold screw axis and one iodine atom 
of a third molecule are shown. 
C4H9 CtHo 
ЭР-б^ГУ/э^О)0 ^-ч 3.729_M_ /fA 2.651(3ψΚ2 33(lbg~ 
3.7B7(5)\ 
'\ 2.667Ц)/ \2 35(1) 
Fig III.5. Bond angles (degrees) and distances (A) with e.s.d.'s 
of the cis-Pt(Bu2dtc)2I2. 
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atoms. The intramolecular 1(1) - 1(2) distance (3.787(5)Ä) is 
intermediate between the length of an I-I bond (2.68 A) in I» 
and an I-I van der Waals contact (4.30 Ä ) , suggesting a three 
centre bond PtI-, One of the intermolecular I-I distances 
(Ι(Ι)-Ι(Γ) = 3v729 (A).8) is also very short compared with the 
normal van der Waals contact, indicating a weak intermolecular 
binding. Such pairs of molecules are connected by normal van der 
Waals contacts (1(2') - 1(2") = 4.394 (5) X ) , forming a helix of 
iodine atoms as shown in fig. III.4. In contrast to the monomeric 
character of the compound in chloroform solution stated earlier, 
cis-Pt(Bu„dtc)9I9 is dimeric in the solid state. 
Trans-Pt(Buzdto)2I2 
From the NMR spectrum it was concluded that the brown product 
is trans-Pt(Bu dtc) 2I 2. 
In solution this isomer is unstable and converts into the cis 
isomer. The isolation of the trans complex is possible because of 
its immediate precipitation when the compound is prepared. This 
inhibits the conversion into the cis isomer. 
This insolubility leads to the suggestion that the trans 
isomer has a polymeric structure, probably a chain structure as 
shown in fig. III.6, in which iodine is inserted between the planar 
Pt(Bu.dtc)„ units. This does not simply mean that the molecular 
iodine is inserted, but also that the formal oxidation state of Pt 
is increased with regard to Pt(Bu9dtc)7, as can be seen from the 
ESCA spectrum. 
Solid state reaction 
The solid state reaction between PtiBu-dtc)- and I 2 is 
remarkable. After three hours the IR spectrum shows that a mixture 
of Pt(Bu2dtc). and trans-Pt(Bu2dtc)2I2 is present. Analogous 
behaviour is reported for Pt(acac)2 (12) yielding trans-Pt(acac)2I-. 
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The reaction is explained by a rapid diffusion of iodine molecules 
into the crystalline lattice of Pt(acac)« molecules, followed by 
electron transfer from Pt(JJ) to iodine molecules to give ?t(IV)-l 
bonds with concomitant cleavage of the molecular iodine bond. 
As for Pt(acac).I9 no trans-cis interconversion occurs, 
crystals could be obtained and the structure was elucidated. 
The Pt-I bonding distance is 2.667(1) A, which is of the same 
order as the Pt-I bonding distance in cis-Pt(Bu.dtc).!. (2.651(3) X) . 
The I-I' intermolecular distances are 3.559(2) A, which is very 
short compared with the normal van der Waals contact (A.30 A) and 
even shorter than the intermolecular I-I distances found in 
cis-Pt(Bu2dtc)2I2 (3.729(4) X). 
These data support the hypothesis for the structure of 
trans-Pt(Bu dtc)-I- as given in fig. III.6 for one strain. The 
thinness of this structure requires the other strains to be packed 
in such a way that their alkyl chains embrace the I atoms filling 
the gap in the ligand space. 
Fig III.6. Proposed chain structure of trans-Pt(Bu dtc)9I 
Only one chain is shown. 
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Bronrine analogues 
It was also possible to synthesize the bromine analogues, cis 
and trans-Pt(Bu9dtc)9Br , which are both orange. 
Their infrared spectra (700-200 cm ) are the same as those of 
the iodine products except for the Pt-Br stretching frequency at 238 cm 
The NMR measurements indicate a trans-cis conversion analogous 
to that in the iodine compound. No activation parameters have been 
determined, but at room temperature the reaction rate is found to 
be lower than that for the same conversion in the iodine product. 
Molecular weight measurements gave a molar weight for cis-
Pt(Bu7dtc)9Br9 in benzene of 727, whereas 763 is the calculated 
value for a monomer. 
Palladium compounds 
Attempts were made to prepare Pd(Bu,dtc)„I. in the same way 
as the platinum analogue, the temperature being 0 . 
Analyses (C, Η, N and Pd) of the resulting compound corresponded 
to the formula Pd (Bu^tc)-!, . 
The IR spectrum is that of the starting material, suggesting 
that no reaction has occurred. This spectrum was recorded in Csl, 
which may possibly react with Pd (Bu,,dtc)„I„. 
Apart from the analyses that are reproducable, strong evidence 
for the fact that we are concerned with a compound and not with a 
mixture is provided by the reaction with Bu.tds, yielding Pd(Bu.dtc),. 
Pd(Bu9dtc)9 itself does not react with Bu.tds. 
In contrast to Ni(Bu-dtc). and Pt(Bu„dtc)2 no solid state 
reaction was observed with IR spectrophotometry, even after two days. 
This might show the inertness of Pd compounds, probably due to the 
higher oxidation potential of Pd(Bu„dtc)- as compared with Ni(Bu-dtc)_ 
and Pt (Bu-,dtc)9. On the other hand if the product decomposes with 
Csl or KBr observation of a solid state reaction would not be expected. 
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Proton NMR spectra 
The chemical shifts, f, of the proton NMR signals of 
cis-Pt(Bu-dtc)9I9, measured in a CDC1, solution at room temperature, 
are listed in table III.l. 
The multiplicity of the signals depends on the temperature: 
at room temperature the α-proton signal consists of two, partially 
overlapping triplets. Lowering of the temperature results in a 
broadening of these signals probably due to a viscosity effect . On 
increasing the temperature the two triplets of the α-protons 
coalesce and at still higher temperatures one triplet is observed. 
It is concluded that at room temperature the α-protons are 
split into two equally populated groups that are magnetically non-
equivalent. The signal of each group is split into a triplet by 
interaction with the 6-protons (J = 7 Hz)• At sufficiently high 
temperature the non-equivalency disappears due to a rapid exchange 
process. As an example fig III.7 demonstrates the changes which 
occur in the NMR spectrum of cis-Ptj[Bu»dtc),I„ on changing the 
temperature due to this exchange process. In CDC1, the limit of 
fast exchange could not be reached because of the low boiling 
point of CDC1, (+61°); however, in Ο,Η,,ΒΓ (Ъ.р. +156°) a fast 
exchange spectrum is obtained at 110 , consisting of one triplet 
for the α-protons. This high temperature process is not intermolecular 
as was concluded from the spectra recorded at the coalescence 
temperature, which did not depend on concentration. Nor are 
changes in the pattern observed when iodine is added to the solution. 
Table III.l. Proton NMR data of cis-Pt(Bu.dtcKl. at room temperature, 
and trans-Pt(Bu2dtc)2I2 at 0.5°; solvent CDC1 . 6 = 
(H - Η
 £)/H , in ppm; TMS was the external standard; comp ref ref 
shift accuracy about 0.01 ppm. For the multiplets the δ 
values for the centre have been given in the table. 
CH 3 C H 2 ( Y ) CH2(ß) CH2(a) 
( t r i p l e t ) ( m u l t i p l e t ) (mul t ip le t ) ( t r i p l e t ) 
0.96 1.39 1.66 
t r a n s - P t ( B u 2 d t c ) 2 I 2 0.93 1.37 1.56 3.51 
c i s - P t ( B u 2 d t c ) 2 I 2 6 3.50 3.43 
36 
Τ = +107 Π τ = 0.29 
Τ = +85 АД τ = 0.53 s Д τ = +113.5 Α τ = 0.26 
Τ = +93.5 У τ = ο.1*8 Τ = +120.5 Λ τ = 0.18 s 
Τ = +100.5 Μ τ - 0.35 s ι.Τ = +129.5 Α τ = 0.13 s 
Fig III.7. Proton NMR pattern of the a-CH- groups in cis-Pt(Bu_dtc)-I-
dissolved in C^H.Br at various temperatures and their 
computer simulations. 
All NMR spectra have been simulated using the modified Bloch 
equations describing the exchange between two equally populated 
sites. The simulation requires three independent parameters only, 
viz. T. . (the line width parameter in the absence of exchange), 
the life-time of a particular configuration and the positions of 
the multiplets under conditions of very slow exchange (τ -+•=·). 
T.
 n
 was chosen in such a way that the line shape of the triplets 
was matched by that in the experimental spectra e.g. all spectra 
measured at temperatures higher than +20 could be simulated well 
with T 9 - equal to 4.7 rad/sec. The life-time at a given temperature 
was found by trial and error from full line shape analysis (see fig. III.7). 
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The structure of cis-Pt(Bu„dtc)„I. gives rise to two optical 
isomers, Δ and Λ (see fig III.8). 
3(y) 
Ну) 
2(y) 
Fig. III.8. 
The molecule has a twofold axis of symmetry passing through the 
platinum and bisecting the two iodines. Therefore in the static 
structure the two butyl chains 1 and 4 are magnetically equivalent, 
as are 2 and 3, whereas groups 1 and 2 are non-equivalent. 
R — С 
/ 
R — С 
/ 
H. 
^ 
Fig III.9. 
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Considering the α-methylene protons, none of the protons Η , 
Η, , H' and H' are equivalent (fig. III.9). The resonance signals 
for H and H, should split by mutual coupling, as should those of 
H' and H'. The signals of the Δ and the Λ isomers have the same 
a b 
chemical shift. 
The dynamic structure of cis-Pt(Bu„dtc)-I7 is probably governed 
by two processes: a racemization process and a C-N bond rotation. 
In the limit of slow fluxional processes, from the α-methylene protons 
two AB patterns should result - eight signals, each split into a 
triplet by coupling with the ß-protons giving 24 lines in total. 
Me(m) 
Me_ η—τ 
Bz 
к,с 
/ 
Fig III.10. 
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For comparison NMR measurements were also performed on the 
complex cis-Pt(MeBzdtc)„I . This a-symmetrically substituted complex 
has three geometrical isomers for each enantiomer. The nomenclature 
used is illustrated in fig. III.10. 
In the static structure four signals from the methyl group 
should be observed, the ct and tc isomer each generating one 
signal and the cc isomer two signals (m and η site). The signals 
of the A^and the Λ isomers have the same chemical shift. In the 
benzyl group the two a-protons are non-equivalent, just as the 
α-methylene protons of the butyl groups in cis-Pt(Bu„dtc)-I., are. 
The benzyl group should therefore show a spectrum consisting of 
four AB patterns (ct, tc and two cc isomer resonances). 
In the room temperature spectrum of cis-Pt(Bu.dtc),!.. only two 
triplets are observed instead of eight. In the room temperature 
spectrum of cis-Pt(MeBzdtc).!, for the methyl and also for the benzyl 
protons only two resonance signals are found instead of four and 
sixteen signals respectively. A signal coalescence was observed 
in the spectrum. The methyl and methylene protons both give one 
signal at temperatures above 100 . No quantitative experiments 
were performed. 
Reduction of the number of expected signals may be caused by 
a fast exchange process. 
Eaton (13) has analysed all the intramolecular rearrangements 
using the molecular symmetry groups for non-rigid molecules. He 
points out that for a trischelate with one symmetrical and two 
identical chelates M(A-B) (C-C) where the substituents on the 
symmetrical ligand are distinguishable by NMR, the set of permutations 
(P) and permutation-inversions (P*) is a group of order of 384 which 
factorises into a group of order 16 consisting of the complete 
rearrangements of the stereochemical non-rigid trischelates and a 
group of order 24 that can be regarded as consisting of rigid-body 
rotations of the molecule. 
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Table III.2. Permutational analysis of the NMR spectrum of 
(1) 
E 
( 1 2 ) 0 4 ) 
(12) 
(34) 
E* 
( 1 2 ) ( 3 4 ) * 
(12)* 
( 3 4 ) * 
c i s - P t ( M e B z d t c ) 2 I 2 . 
(2) 
A ï 
A2 
A " A 3 
A " 
4 
A " 5 
A " A6 
(3) 
none 
c t ^ t c 
CtîiCC^tC 
Δ^Λ 
e t i t e , Δ ί Ά 
c t - c c - t c , 
Δ5»Λ 
(4) 
none 
(mn) 
(ab) 
(mn), (ab) 
(ab) 
(S) 
4 
2 
1 
4 
2 
1 
(6) 
4AB 
2AB 
1AB 
4 
2AB 
1AB 
Table III.3. Permutational analysis of the NMR spectrum of 
cis-Pt(Bu7dtc)„I.; α-methylene protons. 
(1) 
E 
( 1 2 ) ( 3 4 ) 
(12) 
(34) 
E* 
( I 2 ) ( 3 4 ) * 
( 1 2 ) * 
( 3 4 ) * 
(2) 
A;-
A -
A»' 
kV 
(3) 
none 
(xy) 
(ab) 
( x y ) , ( a b ) 
(S) 
2 
1 
2 
1 
(6) 
2AB 
lAB 
2 
1AB 
(7) 
A " 
A l 
A " A " 2 ' 3 
A " A 4 
A " A " A 5 ' A 6 
(1) Operation 
(2) Averaging set. 
(3) Net canfigurational change. 
(4) Net site interchange cc isomer. 
(5) Change in signal multiplicity, ηση-diastereotopic. 
(6) Change in signal multiplicity y diastereotopic. 
(?) M(AB)2(CC) analogue. 
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For cis-Pt(RR'dtc)2I2 in which the С ends are both I only 
eight distinct isomers are found and eight operations which comprise 
an abelian group interconvert the isomers. All permutations which 
give the same averaging pattern for the non-equivalent sites are 
placed together in averaging sets A'.'. For the symmetrically 
substituted cis-PtCBu.dtc).!» the number of distinct isomers is 
reduced to two. The effect of the operations and the changes in 
expected signal multiplicity for cis-Pt(MeBzdtc).!. and cis-Pt(Bu.dtcKI« 
are given in table III.2 and table III.3 respectively. 
From table III.2 we see that no operation gives an averaging 
set in which two signals are expected for both the methyl and the 
benzyl-methylene protons in cis-Pt(MeBzdtc).I_, either when the 
spin interaction of the geminai protons of the methylene group J 
is of the order of magnitude of the chemical shift difference of 
these protons δ (1 AB pattern is observed as 4 signals), or when r
 gem r ь / » 
J is much larger than & (1 AB pattern is observed as 2 signals). 
gem ь gem r Б 
Only when we assume that 6 = 0 , which corresponds to a loss of 
' gem ^ 
the observable diastereotopy of the benzyl methylene protons, can 
averaging sets be found which give a pattern which matches the 
observed spectrum (Al' and A"). The physical mechanism corresponding 
to a permutation of type A" is a simultaneous 180 rotation of the 
three chelate rings about their C 7 axes via an approximately hexagonal-
planar transition state. A trigonal twisting process corresponds to 
to a permutation A'.'. If 6 = 0 for the benzyl-methylene protons, it r
 5 gem j j r t 
is reasonable to assume that this is also true for the α-methylene 
protons of cis-Pt (Bu.dtc)7I?. From table III.3 it is concluded 
that two averaging sets result in two signals (each split into a 
triplet by coupling with the α-methylene protons): A".' (corresponding 
to A'.') and A"' (corresponding to AV) . A"' is the identity operation, 
whereas A'" is a mechanism with a planar intermediate. In both 
complexes at 100 an exchange process reduces the number of signals. 
For cis-Pt(MeBzdtc).I. the result of this process is one signal for 
both the methyl and the methylene protons. This can be achieved by 
an operation of type A'J (a bondbreaking mechanism or C-N rotation) 
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or AV (a twist). For cis-Pt(Bu^dtc).!- the resulting triplet could 
be due to an operation of type A"! or A"! (corresponding to A!J or 
AV respectively). 
Summarizing, the spectra of cis-Pt(MeBzdtc)_I? can be interpreted 
with the assumption that 5 = 0 in the following way: at 32 there 
is a fast exchange process of type Al' or A", which is combined at 
about 100 with a fast exchange of type A" or A". The spectral 
data for cis-Pt(Bu.dtc)»!« then have to be interpreted as a result 
of a slow exchange (A".') or a fast exchange of type A"' below 100 , 
combined with a fast exchange process of type A"' (= A") or A"! 
(= A"!) above that temperature. A fast exchange of type A"' (planar 
intermediate) below 100 does not seem very likely as this process 
has to be fast even at a temperature as low as -100 . A slow 
exchange up to 100 is not compatible with the proposed fluxionality 
(A£ or A£) up to 32° in cis-Pt(MeBzdtc)2I2. 
Table III.4. Changes in signal multiplicity in the cis-Pt(MeBzdtc)„I_ 
NMR spectrum, assuming ct = cc and tc = cc . r
 m η 
Changes in signal multiplicity 
non-diastereotopic diastereotopic 
2 2AB 
1 1AB 
1 1AB 
2 2 
1 1AB 
1 1AB 
Operation 
E 
(12)(34) 
(12) 
(34) 
Б* 
(12)(34)* 
(12)* 
(34)* 
Averaging 
set 
Α
ϊ 
A2 
A3 
A4 
A" A5 
A" A6 
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When the difference in the magnetic environment of the 
protons is only due to the two iodine atoms while the other 
differences are negligibly small, the signals of the protons of 
the ct isomer of cis-Pt(MeBzdtc)9I9 and those of the protons in 
the m position of the cc isomer overlap each other. The same is 
true for the proton signals of the tc isomer and those of the η 
position of the cc isomer. The changes in signal multiplicity 
are given in table III.4. For cis-Pt(Bu_dtc)-I_ the signal 
multiplicity changes remain as given in table III.3. With the 
help of these tables we can again try to find an explanation 
for the spectra, successively assuming J «δ , J >> δ 
* gem gem gem gem 
and δ = 0 . The resulting rearrangement types are given in table III.5. gem 
Table III.5. Averaging sets explaining the observed spectral 
data for cis-Pt(RR'dtc),!,. 
Temperature 
J « δ gem gem 
J » δ gem gem 
δ = 0 gem 
J ^ δ gem gem 
ct=cc ,tc=cc 
m' η 
R = Me, 
32°-100° 
A" A" V A5 
k l 
R' = Bz 
>100O 
A" A" V 6 
A" A" A" A" , A6 
R = R* 
-100Ο-+107Ο 
A'" A
 3 
A'" A"1 
A'" A"' 
 j,A
 3 
A'" A
 3 
,A' 4 
= Bu 
>107O 
A"' A"1 
 2,A 4 
A'" A'" 
A"' A'" 
2' 4 
A'" A1" 
 2,A 4 
J » δ 
gem gem ,„ „ „ .„ ,„ ,„, .„, .„, .„, .„, .„, 
ct=cc ,tc-cc A4 A 2 ' W A 6 A 2' A 3 , A 4 A 2 , A 3 , A 4 
m η 
δ = 0 , 
ct=cc ,tc-cc А 1 , А 4 ^ ^ 3 ' 5' 6 А Г 3 2' 4 
m' η 
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In all cases for cis-Pt(MeBzdtcKl- an AV type of rearrangement 
leads to the correct number of signals at room temperature. For 
6 = 0 the spectrum can also be explained when all rearrangements 
are in the limit of slow exchange. For the high temperature process 
all types of rearrangement that reduce the number of signals by a 
factor of two can be chosen. The cis-Pt(Bu„dtc)7I» spectra in the 
-100 to 100 region are explainable by using the same process as 
for the spectrum of the methyl-benzyl complex (AL'^AV for δ φ 0, 
3 ч 3 e m 
A",' = A! or A"l = A'.' for б = 0 ) . For δ Φ 0 we have to assume 1 1 3 4 gem gem 
that a process with a planar transition state is fast even at -100 . 
Evenso, for the explanation of the high temperature spectrum a 
rearrangement analogous to that of the methyl-benzyl complex is 
possible. 
The assumption that 6 = 0 seems to be the most attractive. gem 
Both complexes are in the limit of slow exchange until about 100 , 
after which no simple decision can be made about the rearrangement. 
The way of explaining the spectra depends on the values for 
J and б .J is estimated to be about 13 Hz for a HCH angle gem gem gem 
of 109 (14), whereas for Co(Bz0dtc)- the value of δ is about 
' 2 '3 gem 
16 Hz (15), leading to the conclusion that J ·=βδ . In this 
gem gem 
situation the only way to interprete the spectral data is to 
assume ct = cc and tc = cc . As mentioned above a sharp reduction 
m η
 r 
of the δ value would give a simple explanation of the spectra. 
gem 
It is not necessary that δ reaches the value 0, but δ does 
gem gem 
have to be of the order of magnitude of the line width (3 Hz) to 
observe one signal. The remarkable fact is that diastereotopy is 
only observed in paramagnetic dithiocarbamates (15,16,17,18) and 
in CoiBz.dtc), and RMBz.dtc) _. For the diamagnetic Ga(Bz2dtc) 
and In(Bz.dtc)., only one resonance is observed down to -100 , 
which is explained by fast optical inversion (15). Similarly 
in NiiBu.dtc), and Pt (Bu-dtc)., complexes (see next section) one 
signal is observed for the α-methylene protons which is split 
into a triplet by the ß-methylene protons. 
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For the process at 100 some conclusions can be drawn from 
the activation parameters of cis-Pt(Bu.dtc)9I.. They were determined 
by the least-squares fits to a ln(k/T) vs 1/T plot for the Eyring 
parameters (fig. III.11). AG , and US. , result from the application 
of the Eyring equation with a path degeneracy factor of 1. 
In k/T 
4.00 
•¿50 
-500. 
-5 50 1/T 10 
2 LO 250 2 60 2 70 2 β0 2 90 
Fig III.11. Eyring diagram for the intramolecular process of 
cis-Pt(Bu 2dtc) 2I 2. 
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The values of ΔΗΙ,, and E (7.2 + 0.4 and 8.0 + 0.4 kcal/mol 
374 act — — 
respectively) are of the same order of magnitude as the values 
found for the inversion process of Fe(RR'dtc)9tfd (approximately 
9 kcal/mol), whereas the values for O N bond rotation in Fe(RR'dtc)9tfd 
are slightly higher (ΔΙΓ = 15 kcal/mol, E = 1 7 kcal/mol) (16,17,19). 
, act 
AS!* for cis-Pt(Bu dtc)„I7 is found to be "37 + 2 eu 
which is very low compared with the values commonly encountered 
for either inversion or for C-N bond rotation (-7.5 +^  2.7 eu and 
4.1 + 4.5 eu respectively for Fe(Et dtc),tfd (16,17,19)). 
_
 + + Í Consequently the relation AG = ΔΗ - ΤΔ5 gives a value 
, 1 1 1 
of ΔΟ^., which is rather high: 21.2 +_ 0.1 kcal/mol. 
The low entropy of the activated complex can only be 
explained by heteropolar bond-breaking (A"', A"!). This bond-
breaking explains the decrease in entropy owing to the ordering 
of the solvent molecules (bromobenzene) in the activated complex. 
This is supported by the kinetic parameters found for the 
system potassium-pyracene in 2-methyltetrahydrofuran/tetrahydrofuran 
(20). This system has been investigated by means of ESR, and an 
intramolecular process observed in which the cation moves from 
the upper to the lower site of the anion: К pyracene s* pyracene К . 
The reversible exchange from a contact-ion pair via a solvent-
separated ion pair to the free ion pair is proposed as a mechanism. 
The entropy of the activated species is found to be -34.7 eu and 
is explained by a strong increase in solvatation when the cation 
moves away from the anion, with ordering of the solvent molecules 
on formation of the solvent-separated ion pair. 
A heteropolar bond-breaking mechanism in cis-Pt(Bu.dtc)_I„ 
leaves the possibility of breaking the Pt-S or the Pt-I bond. No 
comparable values are known for the enthalpy of the Pt-S bond. 
For the enthalpy of the Pt-I bond a value of 12.8 kcal/mol can 
be calculated from the enthalpy of formation of PtI, and I- (21). 
As ΔΗ for the process considered is 7.6 kcal/mol a breaking 
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Fig I I I . 1 2 . Planes of symmetry in t r ans -P tCBu .d t c ) - ! - . 
in k / T 
-1200 
-1300 
-)¿oo 
-1600 
-1700 
-1800 
- ^ i /τ .10 
320 330 3 Í0 350 360 370 180 
Fig I I I . 1 3 . Eyring diagram for the conversion t r an s -P t (Bu .d t c )» ! -
to c i s - P t ( B u 2 d t c ) 2 I 2 . 
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of the Pt-I bond does not seem feasible. When, however, in the 
cis complex a short bond between the two iodine atoms on the 
same Pt atom, as present in the solid state, is preserved, the 
enthalpy of the Pt-I bond is decreased by three centre bonding, 
so we cannot make a discrimination between breaking of the Pt-S 
or the Pt-I bond. 
The spectrum of traná-PtCBu^dtc)-!. was recorded at 0 ;the 
chemical shifts are given in table III.]. 
This compound has a plane of symmetry (see fig. III.12) and 
therefore should give only one triplet spectrum for the equivalent 
α-methylene groups. This indeed was observed by recording the 
spectrum at 0 , immediately after dissolving trans-Pt(Bu.dtc).I-
in CDC1 at 0°. 
When dissolved the trans isomer changes into the cis isomer 
and this conversion can be followed in the NMR spectrum, the signals 
evolving from a triplet towards two partly overlapping triplets. 
Starting from trans-Pt(Bu.dtc)_I7 the spectrum was recorded 
as a function of time at various temperatures in the range of 
-9.5 to 35 . At these temperatures the conversion proceeds to 
completion as far as could be seen from the NMR signal (> 98%). 
The rate of conversion was found to be temperature dependent. 
The composition of the mixture was obtained from an analysis 
of the NMR pattern by means of computer simulations. Plots of log 
conversion vs time gave straight lines for all temperatures, so the 
kinetics of the reaction can be described by a first order rate 
equation. From the slope of these lines the Eyring plot (fig. III.13) 
was obtained. The resulting thermodynamic constants are listed 
in table III.6. ΔΗ.-,, and к were determined directly from the plot, 
whereas ¿S„_, and ΔΟ_ result from the applLcation of the Eyring 
equation with a path degeneracy factor of 1. 
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Table III.6. The thermodynamic constants for the conversion of 
trans-Pt(Bu2dtc)2I2 into cis-Pt(Bu dtc).!. in CDC1 . 
E ,. 17.8 + 0.5 kcal/mol Δ Η „ , 17.2 + 0.5 kcal/mol / act — 273 — 
AG,,. 21.7 + 0.1 kcal/mol Δ397-, -17 + 2 eu 
10 log к 10 
о 
The values of the constants listed suggest that the isomerization 
is not affected by a trigonal or rhombic twist mechanism. Values 
found for ΔΗ for a twisting mechanism are of the order of 9 kcal/mol, 
whereas for AS a value of zero or slightly negative values are 
found (17,18). 
ΔΗ..- for the isomerization process is rather large. When the 
activation enthalpy is compared with the value of the bond energy 
of the Pt-I bond (12.8 kcal/mol as found from the enthalpy of 
formación of PtI, and I- (20)) an isomerization process via a Pt-I 
bond-breaking mechanism seems plausible. 
The negative value of AS., can be attributed to the decrease 
in entropy of the solvent by enhanced solvatation of the activated 
complex (22). From this we suggest a charge separation in the 
activated complex with a decrease of entropy of the solvent 
by the directing action of this charge separation. This suggestion 
implies dependency of the reaction rate on the nature of the solvent. 
This was observed in qualitative experiments in which addition 
of a trace of acetone to the mixture resulted in an increase in 
the conversion rate. 
III.3 THE TRISDITHIOCARBAMATO COMPOUNDS 
Introduction 
Apart from trisdithiocarbamato complexes of nickel mentioned 
by Brinkhoff (1,9) and Avdeef et al (23) no reports are available 
on the isolation of compounds of this kind for the nickel group 
of the periodic system. A Russian article states the existence 
of Ni(Et.-dtc), on the basis of ESR measurements (7), whereas, 
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from heterometric studies, Bobtelsky and Eisenstadter (24) deduce 
the existence of PtCEt.dtc),. 
In this section the preparation and some properties of new 
trisdithiocarbamato complexes of palladium and platinum are described. 
Synthesis 
We succeeded in synthesizing the following compounds: 
Pd(Bu2dtc)3I3, Pt(Bu2dtc)3Br) Pt(Bu.dtc).1- from the reaction of 
Bu.tds and M(Bu2dtc)2X2 (M = Pd, Pt; X = Br, I; see preceeding section); 
Pt(Bu2dtc)3Cl from KjPtCl.with Bu.tds; 
Pt(Bu2dtc).I by treating Pt(Buddie)3I3 with an ammonia solution; 
{Pd(Bu„dtc),},Cu-X, (X = CI, Br) which results from the reaction of 
λ j ζ ¿ о 
Pd(Bu-dtc)2 and (Bu.bitOCu.X, (see appendix); 
Pt(Bu2dtc)3CuX2 (X = CI, Br) from Pt(Bu2dtc)2 with either (Bu.bittKu.X, 
or Cu(-ZT.Z")Br2(Bu2dtc), whereas Pt(Bu2dtc)3CuBr2 could be obtained 
also by the reaction of Pt(Bu2dtc)3Br with CuBr,,; 
Pt(Bu.dtc).AuBr- as a result of the reaction of Pt(Bu2dtc)2 and 
(Bu,bitt)(AuBr ) or Au(JIJ)Br (Bu.dtc). 
Results and discussion 
Whereas the MiBu.dtc). complexes with M = Ni and Pt are quite 
stable in organic solvents, those with M = Pd decompose. Therefore 
neither molecular weights nor conductivity or NMR and electronic 
spectral data of solutions of the palladium compounds could be 
obtained. In the case of {Pd(Bu d t O - L C ^ X , (X = CI, Br) it could 
be proven that the decomposition products in СНСЦ were PdiBu-dtc)» 
and CuX.Bu-dtc. This is in accordance with the fact that the reverse 
reaction between Pd(Bu.dtc)- and CuX^(Bu.dtc) does not take place. 
The reaction of Pt(Bu2dtc)2 and CuBr.(Bu.dtc) results in the formation 
of Pt(Bu9dtc),CuBr2. This suggests that the redox potential of 
the couple Cu(I)/Cu(IIJ) is too low to oxidize Pd(IT) to Pd(Il'), 
but high enough to oxidize Pt(JI) to Pt(IV). 
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Magnetic sueaeptibilvty 
Magnetic susceptibility measurements performed on the compounds 
{Pd(Bu2dtc)3}2Cu2X6 (X = CI, Br) at temperatures from 103 to 293
 0K 
showed that paramagnetism exists. Both complexes follow the Curie-
Weiss law within the temperature range mentioned above. The Weiss 
constant is -5 К for the chlorine compound and 0 К for the 
bromine compound. Magnetic moments of 2.10 and 2.06 BM respectively 
are found. The spin only value for one unpaired electron is 1.73 BM. 
Thus the conclusion can be drawn that copper is in the formal 
oxidation state of +2. Orbital contribution causes a moment higher 
than the spin only value. Pd(Bu-dtc)-I., is expected to be diamagnetic. 
The value found for γ . is 1209.10 cgsu. which gives an effective 
magnetic moment of 1.68 BM. The value of у . is almost temperature 
independent. In their article Fackler et al. (23) give an effective 
magnetic moment for Ni(Bu-dtc),Br of 0.7 BM, whereas we found a 
value of 1.1 BM. The Pt(Bu.dtc), complexes also show a high 
susceptibility which is nearly temperature independent. This is 
given in table III.5. 
Table III.5. Magnetic susceptibilities of PtCBu.dtc), complexes 
in the solid state. 
anion 
Cl" 
I~ 
Ь 
CuCl¡ 
CuBr¡ 
AuBr2 
т <
0
Ю 
293 
293 
293 
293 
113 
293 
113 
293 
113 
Par. 
\ιο1 
1847 
1191 
860 
665 
755 
959 
808 
459 
461 
x^a.io6(cgsù.) ν(ΒΜ) 
2.08 
1.68 
1.43 
1.26 
0.83 
1.36 
0.94 
1.04 
0.65 
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A susceptibility measurement of Pt(Bu„dtc).I in solution yielded a 
6 
maximum value of 450 . 10 cgsu. for ν
 1 which corresponds with 
μ = 0.6 BM. Neither in solution nor in the solid state was an ESR 
signal due to Pt observed. The magnetic susceptibilities are rather 
high for a pure T.I.P. term, but the relatively high diamagnetic 
corrections (at about 500 . 10 cgsu.) imply great errors, which 
affect the accuracy of the given values. 
Conductivity 
Conductivity measurements on the Pt(Bu.dtc), complexes in 
nitrobenzene showed them to behave as 1:1 electrolytes. The 
dependence of the molar conductivity on the root of the concentration 
is linear as given by A = (Λ - Л)//с (Onsager equation) which is 
characteristic for this type of electrolyte. From the relation 
A = αΛ + β with α= 0.799 and β = A4.2 at 25° (25) theoretical 
values can be calculated. A and A , are in good agreement 
exp cale E ь 
in view of the normal error in the measurements. The conductivity 
Table III.6. Conductivity data of Pt(Bu.dtc),X in nitrobenzene at 
25 . Л is the molar conductivity in Ω cm mol , A 
o exp 
and A , are the found and calculated slopes respectively, 
+
 c a l £ ,_-l 2 . - 1 , λ' and λ are the ionic conductivities (Ω 
о о 
of the cation and the anion. 
cm ion ) 
X 
сГ 
Br~ 
I~ 
h 
CuCl2 
CuBr2 
AuBr~ 
Л 
0 
29.4 
28.8 
28.3 
27.3 
28.9 
28.2 
29.6 
λ 
о 
22.7 
21.9 
21.3 
20.4 
22.0 
21.3 
22.7 
(26) 
(26) 
(26) 
λ 
о 
6.7 
6.9 
7.0 
6.9 
6.9 
6.9 
6.9 
А 
exp 
66 
66 
67 
71 
56 
55 
62 
А 
с. 
68 
67 
67 
66 
67 
67 
68 
cale 
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of the ions CI , Br and I is known from the literature (26). 
This enables us to calculate a value for λ of the Pt(Bu„dtc)„ 
-1° 2 -1 2 3 ion. The average value for this is 6.9 Ω cm ion . This is 
higher than λ + of Ni(Bu.dtc)t: 4.9 Ω~ cm ion "' (cf 3.5 Sì"1 
2 . - 1 ° . + 
cm ion as reported by Brinkhoff (I)). From the λ value the 
_ _
 0
 _ 
values for the ionic conductivity of CuCl , CuBr, and AuBr. 
have been calculated. The value for AuBr is, within the experimental 
error, equal to the value found from measurements on 
-1 2 -1 
Au(Bu2dtc)2AuBr2 (21.0 Ώ cm ion ) (27). Table III.6 gives the 
values of Λ , A , A . , λ and λ of the Pt (Bu,,dtc),. complexes. 
o' exp cale о о 2 3 
Molar weight determination 
The results of the molar weight determinations performed on 
some of the mentioned complexes are given in table III.7. The 
measurements were made in CHC1 at a temperature of 37 . 
Table III.7. Osmometric molecular weight determinations in CHC1 . 
Standard: benzil. Temperature 37 . 
MW , (on basis of the monomer 
cale
 ç ., . 
844 formula) 
1180 
The values support the conclusions from the conductivity data that 
the compounds are 1 : 1 electrolytes for which half of the calculated 
value is normally found. 
Proton NMR spectra 
The NMR spectra of the investigated platinum compounds 
measured at various temperatures in the range of -70 to 37 are 
similar to those of Ni(Bu.dtc)-Br. At 37 one set of peaks is 
found for the protons around each carbon atom of the butyl chain. 
Table III.8 gives the τ values, together with those for the diseleno 
compounds which have identical spectra. 
Pt(Bu2dtc)3Cl 
Pt(Bu2dtc)3I3 
MW. , found 
445 
595 
54 
CH2(a) 
Table III.8. NMR proton resonances; solvent CDC1_; temperature 37 ; 
for the further notation see table III.l. 
сн3 CH 2(Y) CH 2(B) 
triplet multiplet multiplet 
0.98 1.40 1.70 
0.99 1.44 1.76 
0.98 1.43 1.75 
1.02 1.45 1.77 
Ni(Bu2dtc) 
Ni(Bu dsc) 3 
Pt(Bu2dtc) 
Pt(Bu2dsc)3 
triplet 
3.64 
3.69 
3.64 
3.59 
(a) 
(b) 
(a) see chapter V; (b) measured on a compound of which the analyses 
corresponds with the formula Pt(Bu.dsc),ΙΒΓ«. 
On lowering the temperature the peaks broaden and the fine structure 
disappears. 
As the symmetry of M(dtc), is D- there are two optical isomers 
(Δ and Λ). The Δ isomer can be represented by fig. III.14 which 
Fig III.14 
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shows that the α-methylene protons of this enantiomer are not 
all equivalent. Nor are the α-methylene protons of the Λ enantiomer 
equivalent, whereas the Δ(Η ) protons and the A(Ht) protons are 
a b 
equivalent as are the ¿(H, ) and Λ(Η ) protons. In the limit of 
slow optical inversion the signals of the Η protons and the H, 
protons mutually· split each other, and four lines each split into 
a triplet by the ß-methylene protons of the butyl chain should be 
observed for an AX or AB spectrum. Thus far 'VX spectra are observed 
for paramagnetic complexes only (e.g. Fe(Bz.dtc), (18), Mn(Bz.dtc).. 
(15)), whereas for CoiR.dtc). and RhtR.dtc), an AB pattern is 
found (18, 28). An AX spectrum, therefore, is not expected for 
our complexes, but rather an AB pattern. If such an AB spectrum 
were present an increase in temperature should result in a 
collapse of this pattern, and, in the limit of rapid exchange, 
one line, split into a triplet should be observed. So a rapid 
inversion of Δ ί Λ can account for the observed triplet of the 
α-methylene protons. Decreasing the temperature could slow down 
the exchange process. The broadening of the peaks, observed at 
lower temperatures could be the onset of this process. 
In view of the correlation suggested by Pignolet and coworkers 
(18, 15) between ΔΗ and the molecular structure, the values for 
ΔΗ of Ni(Bu2dtc), and Co(dtc). should be of the same order, as 
the bite distance (b/a) and the twist angle (φ) do not differ 
much (NiUtc)*: b/a = 1.23, φ = 44.6°; CoídtcK: b/a = 1.23, 
φ = 42.5 ). Equally the ligand field stabilization energy difference 
(ALFSE = TAP(LFSE) - TP(LFSE)) between the trigonal antiprismatic 
(TAP) and trigonal prismatic (TP) geometry indicates the same 
magnitude of ΔΗ for both complexes. ALFSE for the nickel and 
cobalt trisdithiocarbamato complexes is 13.6 Dq, whereas the Dq 
values are 1830 and 1620 cm respectively. For Co(Bz.dtc), a ΔΗ 
value of 25.5 kcal/mol is found. The values of the activation 
enthalpy ΔΗ , obtained by line broadening analysis (29) are, however, 
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in between < 0.5 kcal/mol for Ni(Bu.dtc). and 1.9 kcal/mol for 
+ ¿ J 
Pt(Bu9dtc),. We therefore attribute the observed line broadening 
to the increasing viscosity of the solvent. 
Another explanation of the room temperature pattern is, however, 
possible. The appearance of an AX or AB spectrum depends on the 
mutual coupling of the protons H and H, and their shift difference. 
a b 
A decreasing shift difference leads to a change from an AX to an 
AB spectrum. Were the shift differences between the diastereotopic 
protons H and H, very small, one single line would be observed 
instead of an AB pattern. In this case the single line of the 
α-methylene protons of M(Bu_dtc), should be split into a triplet 
by the g-protons. In the limit of slow optical inversion as well 
as in the limit of rapid inversion this same pattern is observed. 
Likewise no discrimination can be made from the spectra between 
slow or fast C-N bond rotation. 
Summarising, there are two possible explanations for the 
observed pattern: 
a) rapid inversion between the Δ and the Λ enantiomers, combined 
with either slow or fast C-N bond 'rotation. 
b) a very small difference between the diastereotopic protons Η 
and H. ; slow or fast optical inversion in combination with slow 
о 
or fast C-N bond rotation. 
At the moment we do not see a simple explanation for the 
striking difference between the spectrum of Co(Bu9dtc), (12 signals 
+ 
for the α-methylene protons) and MiBu.dtc), (M = Ni, Pt). In both 
6 
cases we have a diamagnetic d system and the structure is the 
same. Perhaps the ionogenic nature of the nickel and platinum 
complexes plays a rôle in the difference. 
Infrared spectra 
The most striking frequency in spectra of dithiocarbamato 
complexes in the region 4000-625 cm is the C-N stretching 
frequency. In table III.9 the value of this frequency is given 
for the M(Bu dtc). and the M(Bu„dtc), complexes. 
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Table III.9. C-N stretching frequencies in cm . The spectra are 
recorded in CHC1- solution, with the exception of 
the PdCBu.dtc). compounds, where a nujol mull was used. 
Ni(Bu dtc) 2 1502 Pd(Bu2dtc)2 1504 Pt(Bu2dtc)2 1510 
Ni(Bu2dtc)3Cl 1538 Pt(Bu2dtc)3Cl 1540 
Ni(Bu2dtc) Br 1538 Pt(Bu2dtc)3Br 1542 
Pt(Bu2dtc)3I 1536 
Ni(Bu2dtc)3I 1529 Pd(Bu2dtc)3I3 1525 Pt(Bu2dtc)3I3 1535 
{Pd(Bu2dtc)3}2Cu2Cl6 1525 Pt(Bu2dtc) CuCl2 1533 
{Pd(Bu2dtc)3}2Cu2Br6 1525 Pt(Bu2dtc)3CuBr2 1537 
Pt(Bu2dtc)3AuBr2 1531 
According to Nakamoto (30) the frequency is lowered in the order 
Pt > Pd > Ni, and indeed our spectra show that Pd(Bu9dtc)9 and 
Ni(Bu7dtc)7 have a C-N frequency lower than Pt(Bu.dtc)«. 
The position of the C-N absorption band in the tris complexes 
is apparently influenced by the nature of the anion. If CI or Br 
is present, no significant difference is found between the C-N 
frequency of the nickel and the platinum compounds. When, however, 
a large anion is present, the C-N frequency is significantly higher 
in the platinum complexes than in the palladium and nickel analogues. 
(The accuracy of the data in this region is about 1.5 cm ). 
The increase in the C-N stretching frequency from the bis 
to the tris complexes can be ascribed to the higher oxidation state 
of the metal atom. Increasing the formal oxidation number causes 
a greater positive charge on the central metal atom, and thus a 
greater participation of the lone pair on the nitrogen atom in 
the π bonding of the C-N bond. Of the canonical structures of the 
dithiocarbamates: 
/ \ -
III: M C-NR. 
ч/ 
S © 
S ® 
/ \ _ 
M C-NR 
V·/ 2 
I I : 
S ® 
/ \ © 
M C=NR, N4 
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structure II becomes relatively more important. 
It is pointed out by Chatt (31) that the O N frequency 
decreases with the stereochemical arrangement around the central 
metal atom roughly in the order of planar > tetrahedral > octahedral. 
Merlino (32), however, shows by means of the C-N bond lengths that 
the three resonance structures I, II and III, and therefore the 
position of the C-N absorption band, are relatively insensitive 
to the changes of the stereochemistry and the nature of the central 
atom. In our opinion the latter statement is somewhat premature 
in view of the standard deviations (at about 0.0) A) which are too 
high to interpret the almost equivalent bond lengths in this way. 
It is indeed true that the value of the C-N frequency does not 
show a decrease from planar (M(Bu„dtc)9) to octahedral (M(Bu„dtc)-) 
as should be expected according to Chatt, but the effect of increasing 
the oxidation number can exceed the expected decrease in the position 
of the C-N absorption frequency. 
In the region 700-200 cm the M-S frequencies can be observed. 
The M-S frequencies in the trisdithiocarbamato complexes are, as 
is normal in ionic compounds, independent of the anion. They are 
given in table III.10. 
Table III. 10. M-S stretching frequencies of M(Bu.dtc), and M-Se 
+ -1 
stretching frequencies of Ni(Bu7dsc)- in cm 
Calculated values of vM-S and vM-Se with Pd(Bu.dtc).. 
as a standard, are given in parentheses. 
Ni(Bu2dtc)* 
410 (417) 
387 (392) 
374 (362) 
Pd(Bu2dtc)3 
383 
360 
333 
Pt(Bu2dtc)2 
365 (362) 
341 (341) 
(315) 
Ni(Bu2dsc)3 
327 (327) 
317 (308) 
288 (284) 
Considering only the sulfur atoms around the central metal atom, 
the coordination symmetry is nearly 0, , and only one normal vibration 
belonging to a M-S stretching frequency is expected to be found. 
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In this way Brinkhoff (1) ascribes the 387 cm absorption band in 
Ni(Bu-dtc),, to the Ni-S stretching frequency. When, however, the 
BU.-NC chain is taken into account, the symmetry is D . In that 
case three normal modes of vibration belonging to the M-S stretching 
frequency are infrared active (A9 + 2 E). Assuming the M-S stretching 
frequencies to be subject to mass changes only, we found three 
absorption peaks in the trisdithiocarbamates of nickel, palladium 
and platinum with a remarkable agreement between the observed and 
the calculated values, when the spectrum of Pd(Bu_dtc), was used 
as a calculation standard. Furthermore the calculated values of 
the Ni-Se stretching frequencies correspond to the absorption 
bands found in the spectrum of Ni(Bu-dsc)_Br. 
Though we do not imply that these frequencies have a pure 
metal-chalcogen character, the agreement suggests similar pseudo 
octahedral structures for the trisdithiocarbamato ions of nickel, 
palladium and platinum. 
In the far infrared spectra of {Pd(Bu dtc) Л.Си^Х, (X = Cl, Зг) 
the Cu-X frequencies indicate the presence of dimeric halocuprate 
2-
ions (table III.11)· In the planar ions Cu.X, (33) two terminal 
metal halogen stretching frequencies (B. and В ) and two bridging 
frequencies (also B„ and B. ) should be present. Some frequencies n
 2u 3u _. 
could not be observed as they are expected below 200 cm . The 
other values are in agreement with those found for the compounds 
K 2Cu 2Cl 6 and K 2Cu 2Br 6 (34). 
Table III.11. Copper halogen frequencies in cm 
Cu-X 
{Pd(Bu2dtc)3}2Cu2Cl6 310 (broad) 
K 2Cu 2Cl 6 (33) 301 193 
{Pd(Bu2dtc)3}2Cu2Br6 245 
K 2Cu 2Br 6 (33) 237 122 
t = terminal, b = bridged. 
Си-
275 
275 
223 
224 
-\ 
240 
236 
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In contrast to the palladium compounds the platinum complexes 
contain two halogen atoms per formula unit. It is reasonable to 
assume that CuCl-, CuBr_ and AuBr, are present in these complexes. 
лз these ions have a linear structure (D . ) two metal halogen modes 
are infrared active, Σ and Π . For AuCl, the Σ absorption is 
_ u u 2 u 
found at ЗАО cm (35). Considering the mass effect only, the 
calculated values are: for CuCl. 393 cm , for CuBr. 313 cm and 
- -1 -1 
for AuBr. 248 cm . Absorption bands found at 407 cm for Pt(Bu9dtc),CuCl9, 
-1 -1 
at 325 cm for Pt (Bu2dtc)3CuBr2 and at 253 cm for PtCB^dtcKAuBr, 
are therefore ascribed to the asymmetric metal-halogen stretching 
frequencies (Σ ). The Π frequencies are expected to lie in the 
region below 200 cm 
Electronic spectra 
The electronic spectra of the various Pt(Bu.dtc), complexes 
are approximately the same, having absorption maxima at 40.7 kK, 
37.2 kK, 35.2 kK and 29.6 kK. In view of tho molar extinction 
coefficients (10 or higher) they have to be ascribed to charge 
transfer or to ligand bands. 
In some of the complexes bands with lower extinction are 
found 
mol cm respectively). 
Should these bands be pure d-d transitions then Δ and В can 
be calculated with the formulae given by J^rgensen (36): 
2 l i 
V. = Δ - 4B + 86B /Δ transition Τ, -•- 'A, 
1
 2 1 l 8 1 l 8 
ν? = Δ + 12Β + 2Β /Δ transition Τ„ •*• Α, 
Their values are calculated to be 16.4 kK (Δ) and 130 cm (B). 
In this calculation the Racah parameter С is estimated to be 4B. 
Comparing this value with that of Ni(Bu„dtc), it is found 
that APtiBu.dtc), < UNi(Bu2dtc)3 (Δ - 18.6 kK), whereas the general 
rule is an increase on going from 3d to 5d ions with the same 
electron configuration. 
e.g. 18.0 and 16.0 kK in PtiBUjdtO-Ij (e = 52 and 10 1 
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Neither is the value in agreement with the value calculated 
using the empirical formula of J^rgensen: Δ = f(ligands).g(central 
ion) in which the function f is fixed to be 1.00 for the hexa-aquo 
ligands and is 0.90 for Et.dtc . The correspondence between the 
electronic spectra of the ethyl and the butyl dérivâtes allows 
us to use f = 0.90 for Bu-dtc as well. The g function has the 
4+ - A 
value of 36 for Pt , so calculatLon of û gives 32.4 kK. 
Table III.12 gives some values of the ligand field parameter 
of a few M(dtc), complexes, together with the value calculated by 
means of the g function. This enables us to judge the validity 
of Jörgensen's formula in our case. 
Table III.12. Ligand field parameter in kK, calculated from known 
values of the g function (36) and f = 0.90 by means 
of the formula Δ = f(ligands).g(central ion) 
C r ( d t c ) 3 
F e ( d t c ) 3 
C o ( d t c ) 3 
R u ( d t c ) 3 
R h ( d t c ) 3 
g 
17.4 
14.0 
18.2 
20 
2 7 . 0 
c a l e 
15.7 
12.6 
16.3 
19.8 
2 4 . 3 
Δ 
exp 
15.5 
12.8 
16.1 
19.8 
20.1 
(37) 
(37) 
(37) 
(37) 
(37) 24 (38) 
From this table the conclusion can be drawn that the agreement is 
good in case of the 3d and the 4d metals. So we can say that 32.4 kK 
is a more realistic value for Δ of Pt(Bu?dtc)- than is 16.4 kK, and 
the low extinction bands found in some of these complexes cannot 
be due to d-d transitions. 
III.4 DI-U-HAL0GEN0 DI(MONO-N,N-DI-n-BUTYLDITHIOCARBAMATOPALLADIUM) 
Introduction 
Briscoe and Humphries (39) reported the existence of 
PdCl(Et.dtc), which was formed during the solvent extract! 
palladium with Cu(Et„dtc). according to the reactions: 
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Pd + + Cu(Et2dtc)2 - Pd(Et2dtc)2 + Cu + (a) 
Pd(Et2dtc)2 + Pd2+ + 2C1~ ^ 2PdCl(Et2dtc) (b). 
Reaction (b) takes place in the presence of an excess of metal ions. 
The stoichiometry was determined from extraction curves. 
Synthesis 
PdX( 
Pd(Bu dtc)2 and K^PdX, in a mixture of CHC1, and dilute H2SO,. 
Bu9dtc) (X = CI, Br) was prepared by mixing a solution of 
Results and discussion 
The compounds PdX(Bu_dtc) (X • CI, Br) are non-electrolytes 
in nitrobenzene and are diamagnetic. 
From molecular weight measurements in benzene PdCl(Bu.dtc) 
was found to be a dimer (found 676, cale, for a dimer 691). The 
highest observable m/e value in the mass spectrum is found at 693, 
indicating a dimer in gas phase too. 
The infrared spectrum of the chlorine complex shows two 
absorption peaks that can be ascribed to a Pd-Cl stretching 
frequency: 308 and 280 cm . Comparison with the frequencies found 
in {PdCl,(Me.Se)}, (40) shows them to come from bridging halogens 
-1 -1 
(Pd-Cl terminal 350 cm , Pd-Cl bridge 306, 286 cm ). As could 
be expected no peaks are found in the bromine complex in this region. 
The Pd-Br bridging frequencies lie below 200 cm (outside the 
range of our instrument). 
The C-N stretching frequency in the complexes is found at 
1538 and 1532 cm for X = CI and Br respectively, compared with a 
value of 1502 cm for PdiBu.dtcK, so the bond order of the C-N 
bond has become higher. This is explainable in view of the electron 
attracting character of the halogens. 
Along with the C-N frequency the M-S stretching frequency is 
expected to increase. One of the M-S frequencies is located at 
387 cm (Pd(Bu2dtc)2 383, 360 and 333 cm ). A good comparison, 
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however, cannot be made on account of the structural differences 
between PdiBu-dtc). and {PdX(Bu2dtc)}2. 
Polymeric compounds containing palladium and halogens nearly 
always have structures with halogen bridges, therefore from the 
infrared data, we assume the structure of {PdXÍBu.dtc)К to be: 
s лл s. 
S,'-\ / \ /-^ 
Bu.N - С · : Pd Pd ί ; С " NBu, 
2
 Ч-У \ / Ч'/ 2 
s ci s 
This is a centrosymmetric structure and so we expect IR-Raman 
exclusion. As is seen from table III.13 there is a close correlation 
between the IR and Raman data. The exclusion rule fails also for 
the complexes {PdCl2(AsR3)}2, {PtCl2(PR3)}2 and {PtI2(PR3)}2 (41), 
whereas X-ray data of this type of compounds show them to be 
centrosymmetric (42, 43). 
When, however, the coordination around each Pd atom is planar 
CI but the PdC-.^Pd units are folded about the Cl...CI line, as is 
found for {Rh(Co)2Cl}2 (44), no inversion centre is present and 
the exclusion rule is not valid. 
Attempts to prepare analogous nickel and platinum complexes 
failed. 
Table III.J3. IR and Raman frequencies of {PdCl(Bu2dtc)}, in cm 
in the region 600-250 cm 
IR 
597 m 
590 m 
575 w 
511 w 
505 w 
Raman 
595 w 
581 w 
492 w 
IR 
428 m 
408 w 
388 s 
362 w 
346 w 
308 s 
280 s 
Raman 
411 m 
391 s 
360 m 
309 m 
283 m 
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CHAPTER IV 
POSSIBLE REACTION SEQUENCIES 
The products obtained in the reactions of nickel, 
palladium and platinum bis(N,N-di-n-butyldithiocarbamates) 
show a great similarity (see figs. IV.1, IV.2 and IV.3). 
Therefore attempts to seek a similar reaction sequency for 
the reactions of the three metal complexes are worthwhile. 
We shall first consider the oxidation reaction 
of M(Bu dtc) (M = Ni, Pd, Pt) in which copper in a high 
formal oxidation state, Cu(Ji"J)Br7(Bu-dtc) , is used as an 
oxidant. Whereas Cu(JIJ) is reduced to Cu(I), the nickel 
group metal is oxidized from M(JJ) to М(ТУ), yielding 
M d P H B u ^ t c ) * : M(II)(Bu2dtc)2 + Cu(JII)Br2(Bu2dtc) -• 
М(ІЮ (Bu2dtc),Cu(r)Br2. For M = Pt the reaction equation 
is as given, for M = Pd no reaction occurs. Obviously the 
redox potential of the couple Pd(JJ)/Pd(Jl') is higher than 
that of the couple Cu(J)/Cu(JIT). For M = Ni an oily product 
results. After thorough washing with water Νϊ(ΙΤ) (Bu-dtc).Br 
is produced and copper ions are found in the washing water. 
We were never able to synthesize Ni(Bu.dtc) with any halo-
metallate anion apart from FeX (X = CI, Br). The lattice 
energy for Ni(Bu9dtc) X is probably more favourable than that 
+ -
of Ni(Bu_dtc), with anions as CuX-. Decomposition of such 
an anion gives contamination which causes oily substances. 
As another oxidant we used halogens for the oxidation 
of M(II)(BUjdtc),. When M = Pt the reaction with I 2 yields 
Pt(J7)(Bu9dtc)_!_. The reaction can be performed by mixing 
solid Pt(II)(Bu-dtc). and I- (cf. the solid state reaction 
of Pt(acac)« and I- (1))· The procedure seems to indicate a 
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Ni(Bu2dtc)3 
Bu.tds 
Na(Bu2dto) 
NiX^ 
Bu.tds 
Ni(Bu2dtc)3Br 
%(Bii4bitt)Cu2Br6 
, Ni(Bu 2 dtc) 2 
Ni(Bu2dtc)3X 
Ni(Bu2dtc)3Br 
CuBr. (Bujita) 
I2 (-ZO") 
1 
Ni(Bu2dtc)2I 
Fig IV.1. Some reactions of Ni(Bu dtc).. 
69 
ч 
Bu. .tâs 4 
{Pd(Bu2dtc)3}2Cu2Br6 
at standing 
in CHCl. 
%(Bii4bbtt)Cu2Bre 
Pd(Bu2dtc)2 
Na(Bu2dta) 
or Bu.tdß 
K-PdCl. 2 4 
2 
1 
Pd(Bu2dtc)2X2 
^ ^ 
Pd(Bu2dtc)2 + 
CuBr2(Bu2dCc) 
I2 (-30°) CuBr2(Bu2dta) 
Bu4tds 
1 
Pd(Bu2dtc)3X 
Fig IV.2. Some reactions of Pd(Bu dtc).. 
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CuBr, 
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t 
CuBr2 + Cu(Bu2dtc)2 
Pt(Bu 2 dtc) 3 CuBr 2 (90%) 
c i s - P t ( B u 2 d t c ) 2 B r 2 (90%) 
+ 2CuBr (80%) 
Fig IV.3. Some reactions of Pt(Bu.dtc)2. The yield of the Pt-containing products is calculated 
upon Pt. 
rapid diffusion of iodine molecules between the Pt(Bu dtc). 
layers. Electron transfer from Pt(JJ) to the I. molecules 
results in Pt(JIO~I bonds and a partial cleavage of the 
molecular iodine takes place simultaneously. Trans-Pt(-fЮ (Bu9dtc)9I-
from the solution can be obtained only when the product 
precipitates at once. If the product stays in solution an 
interconversion to the cis isomer takes place as is shown by 
NMR experiments. The reaction probably takes place via a 
bond-breaking mechanism in which the Pt-I bond is broken 
(see chapter III) . For this reason the trans-cis interconversion 
in Pt(Bu2dtc)2X2 is faster for X = I than for X = Br. 
With halogens Pd(iT) (Bu2dtc)2 also gives Pd(II0 ( B u ^ t c ) ^ . 
In contrast with M = Pt, no solid state reaction with I 9 was 
observed for M = Pd, either due to decomposition of the product 
with KBr or Csl in the IR identification experiment, or to 
the higher oxidation potential of Pd as compared with Pt, 
which prevents oxidation by I 2 in the solid state. 
Pd(Bu2dtc)2I2 decomposes in solution to Pd(Bu7dtc)2 and I., 
so the general rule that Pd(IV) compounds are less stable 
than Pt(.nO compounds is confirmed here too. 
For M = Ni at room temperature a trisdithiocarbamato 
complex was isolated. At low temperature, however, 
Ni (IJ-T) (Bu2dtc)2I could be prepared with iodine. Solid state 
reactions between Ni(Bu.dtc)„ and !„ indicate that this 
product is an intermediate in the formation of NiiB^dtc).,. 
The difference in behaviour of the nickel group 
dithiocarbamates is in accordance with some known facts: 
- the occurrence of an oxidation state of +3 for Ni and the 
absence of this oxidation state for Pd and Pt; 
- the high oxidation potential of Pd(^) with respect to that 
of Ni(II) and Pt(II); 
- the kinetic inertness of Pd(IlO and Pt(J7) complexes. 
72 
It seems attractive to assume the formation of a labile 
intermediate Ni(Bu7dtc)?I7, which splits into Bu.tds and NiX.. 
Bu.tds can then react with further Ni(Bu dtc).X , yielding 
Ni(Bu-dtc).X, in analogy with the reaction of M(Bu.dtc)9X7 
with Bu.tds for M = Pd and Pt. 
The rate of the reaction of M(IF)(Bu2dtc)2X2 (M = Pd, Pt) 
and Bu.tds is low. The yield of the tris product after 
10 hours of refluxing is 40% calculated for the metal. The 
longer the refluxing time the better the yield. 
We can think of a radical mechanism for this reaction. 
From the literature the equilibrium R.tds •+ 2R-dtc' is 
known (2). A reaction with radicals can in principle proceed 
via a redox reaction, an oxidative addition or a substitution 
reaction. 
A redox reaction results in intermediates which have an 
oxidation state +3 or +5, whereas oxidative addition leads 
to an intermediate ti(V) (Bu-dtc) X , which does not seem 
possible, not only because of the formal oxidation state of 
+5 for the metal but also for steric reasons. When the oxidative 
addition is preceeded by a reductive elimination, we have 
to assume an intermediate with the metal in the oxidation state 
of +3. Only a radical substitution is a possible mechanism, 
giving the reaction M(Bu2dtc)2X2 + Bu.dtc' ->• M(Bu dtc),X + X'. 
Instead of splitting Bu.tds into radicals we can think 
of it splitting into heteropolar fragments Bu9dtc and Bu.dtc . 
As no reaction takes place between Na(Bu.dtc) and MCBu-dtc^X, 
the reaction with Bu.tds would then be caused by Bu.dtc . 
The most plausible way for this to occur is a reductive 
elimination, followed by an oxidative addition. The reductive 
elimination leads to an activated intermediate Гм(_Г_Г) (Bu0dtc).| 
which reacts with Bu.dtc . In the reaction X is liberated, 
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which is essential for the withdrawal of Bu„dtc which in 
fact is a reducing agent. The reaction equation can be 
written as: 
Bu.tds ->• Bu.dtc + Bu.dtc 
ч 2 L 
M(IV)(Bu2dtc)2X2 + [M(II)(Bu2dtc)2]act + X 2 
[M(II)(Bu 2dtc) 2] a c t + Bu 2dtc
+
 + M(IK)(Bu2dtc)2 
iX2 + Bu2dtc -»• iBu/tds + X 
M(.nO(Bu2dtc)2X2 + iBu4tds •*• M(jy)(Bu2dtc)3 + X + iX2 
The hypothesis of a reactive Bu.dtc ion seems attractive 
in view of the reactions of CuX (Bu-dtc), mentioned above, which 
could be rationalized by assuming that this reagent splits into 
CuX, and Bu2dtc . 
Apart from the possibility that the reaction takes place 
by Bu.tds splitting into radicals or ions, Bu.tds can react 
as a single entity, in a concerted process fox addition and 
heterolytic cleavage. In the literature reactions of disulfides 
8 
with a d system are known (3). The disulfide reacts with 
oxidative addition with cleavage of the S-S bond, and the 
о 
d system is Ir (I)X(CO) (PPh K . The reaction of M(Bu 2dtc) 2 
(M = Pd, Pt) and Bu.tds does not proceed. If, however, an 
activated complex is created by the reductive elimination of X„ 
from cis-M(Bu.dtc)7X., the presence of a disulfide can give 
an oxidative addition with cleavage of the S-S bond: 
•S /S /S /S /S /S /S 
I T / I T / I / I < / I s 
/S /Ь /ъ /a / a /a 
S 
P t 
N S N S N s \ s X S N s 
a c t 
The M(rF) intermediate with two mono- and two bidental bonded 
dithiocarbamates releases Bu_dtc with formation of M(JtO (Bu.dtc)_. 
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Biudtc r e a c t s w i t h the ha logen m o l e c u l e t o produce the 
h a l i d e anion. The t o t a l r e a c t i o n e q u a t i o n i s , of c o u r s e , the 
same as mentioned for the i o n i c c a s e : 
M ( I l ' ) ( B u 2 d t c ) 2 X 2 + [ M C t t M B u ^ t c O j ^ + X2 
[ M ( I T ) ( B u 2 d t c ) 2 ] a c t + Bu 4 tds •* [ M ( i r ) ( B u 2 d t c ) / j 
[ M ( I l ' ) ( B u 2 d t c ) 4 ] •* M ( I V ) ( B u 2 d t c ) 3 + Bu 2 dtc" 
Bu 2 dtc + iX, -*· i B u . t d s + X 
M ( I K ) ( B u 2 d t c ) 2 X 2 + i B u 4 t d s •+ M(17) ( B u 2 d t c ) 3 + X~ 
For X = I , i o d i n e was found in the f i l t r a t e . 
Should the r e a c t i o n for M » Ni w i t h Χ. take the same 
pathway the t o t a l s t o i c h i o m e t r y i s : 
3 N i ( B u 2 d t c ) 2 + 3X2 + 3 N i ( B u 2 d t c ) 2 X 2 
N i ( B u 2 d t c ) 2 X 2 •* NiX 2 + Bu.tds 
2Ni(Bu-dtc)„X- + Bu.tds ->• 2 N i ( B u 0 d t c ) . X + X0 ¿ I L Ц l i l 
3Ni(Bu2dtc)2 + 2X2 •* 2Ni(Bu2dtc)3X + NiX2 
This is in accordance with the experimentally determined 
stoichiometry. The reaction of the hypothetical Ni(Bu.dtc)_X„ 
with Bu.tds can proceed along one of the pathways mentioned 
above for M = Pd and Pt. 
As Ni(UI) compounds are known a radical pathway for 
the reaction is more likely than for M = Pd and Pt. The 
initiation step could be X, ->• X", and the propagation reactions: 
Ni(Bu2dtc)2 + X' •+ Ni(Bu2dtc)2X 
Ni(Bu2dtc)2X + Χ
-
 ->· Ni(Bu2dtc)2X2 
Ni(Bu2dtc)2X2 •+• NiX2 + 2Bu2dtc' 
Ni(Bu2dtc)2X2 + Bu2dtc" •* Ni(Bu2dtc)3 
Ni(Bu2dtc)3 + X 2 -»• Ni(Bu2dtc)3X + X* 
and as the termination step 2X"-»- X„. 
The total reaction stoichiometry is again in accordance with 
the experimental data. 
As no kinetic measurements were performed, no conclusion 
about the reaction mechanism can be reached. 
The reaction between Pt(II)(Bu dtc). and CuBr , yielding 
cis-Pt (J7/) (Bu dtc)7Br can be explained very simply as a 
reaction between Pt(IJ)(Bu.dtc)- and Br.. CuBr_ is partly 
decomposed into Br- and CuBr. The reaction was carried out 
in CHC1., in which trans-Pt(Bu dtc)?Br is soluble being 
therefore immediately converted into the cis isomer. 
In the reaction between Pt(II)(Bu dtc) , CuBr and 
Cu(Bu9dtc)„, PtCBu.dtcKBr^, which can be formed from the 
reaction of Pt(Bu-dtc)„ and CuBr., is not an intermediate 
product. Evidence for this is given by the fact that no 
reaction occurs when Pt(Bu9dtc)-Br„ and Cu(Bu.dtc)„ are brought 
together. Therefore we assume CuBr(Bu_dtc), which is known 
to be the reaction product of CuBr- and Cu(Bu„dtc)„ (4), to 
be the intermediate. CuBr(Bu2dtc) then reacts with PtCBu-dtc)-
to give Pt(Bu-dtc)_CuBr7, possibly proceeding via Bu-dtc transfer. 
There are two possibilities for the reaction of the 
complexes MCBu-dtc). with (Bu,bitt)Cu-Brfi:the reaction is 
initiated by the Bu.bitt ion or the reaction is initiated 
2-
by the Cu-Br, ion. 
For M = Pt no conclusions can be drawn from the resulting 
product: starting with Cu(IT) a Cu(J) compound results, so 
2+ 2-
either Bu.bitt or Cu Br, could have been the oxidizing agent. 
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. 2 + 
However, for M = Pd the supposition that the Bu.bitt ion 
is the reactive agent seems the more realistic. Even Cu(UJ) 
cannot oxidize PdC-ZT), and in the complex resulting from the 
reaction with (Bu,bitt)Cu.Br, the oxidation state of copper 
4
 2+ 2 6 does not alter. Bu.bitt can indeed be considered as a very 
strong oxidant as it can be obtained by the oxidation of 
of Bu.tds, and hence is a stronger oxidant than Bu.tds. 
For M = Ni no conclusions can be drawn as only oily products 
are found which yield Ni(Bu,,dtc) ,Br after washing with water. 
2+ . - . Evidence that Bu.bitt supplies Bu.dtc is given by 
the reaction of 1 mol (Bu bitt){Au(III)Br,}. with 2 mol 
Au(I)(Bu2dtc) which yields Au(JJJ)Br2(Bu7dtc). Should all 
Bu„dtc in AuBr9(Bu9dtc) result from Au(Bu_dtc), the maximum 
yield is 2 mol AuBr.(Bu.dtc). Experimentally, however, the 
yield was found to be 2.3 mol AuBr-CBu-dtc) (5). A possible 
pathway for the reaction could thus be oxidative addition 
with breaking of the S-S bond. 
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CHAPTER V 
R NCXX' COMPLEXES (X = X' = Se; X = S, Χ' = О) 
V.1 INTRODUCTION 
In his thesis(1) Brinkhoff describes the oxidation reactions 
of Ni(JI') (dtc),, whereas in this thesis palladium and platinum 
dithiocarbamates and their oxidation states are dealt with. 
In the course of our investigations it seemed worthwhile 
to compare the oxidizability of the dithiocarbamates with 
that of complexes with slightly modified ligands. The ligands 
chosen were diselenocarbamate and monothiocarbamate. Some 
results are reported here for the case in which the metal is 
nickel. 
V.2 NICKELDISELENOCARBAMATES 
Introduction 
By replacing the sulfur atoms in dialkyldithiocarbamato 
complexes by the larger and therefore more polarisable selenium 
atoms, a product is expected with nearly the same properties 
as the dithiocarbamate except for its stability to oxidation. 
The oxidation of nickel(IJ) bis(N,N-dialkyldiselenocarbamate) 
with halogens yields a nickel complex with nickel in the formal 
oxidation state of +4: nickel tris(N,N-dialkyldiselenocarbamato)-
halogenide. 
Synthetic procedures 
Ni(Bu9dsc)9 can be prepared by methods mentioned by 
several authors (2): from NÌC1..6H-0 and Na(Bu-dsc), which was 
prepared in situ; from NiC1..6H,0 and dibutylammonium-
dibutyldiselenocarbamate; from NiCl .6H.0 and Zn(Bu.dsc)7. 
The oxidation was performed by adding chlorine, bromine or 
iodine to a solution of NifBu.dsc). in CHC1. or CCI,. 
2 Ζ 3 4 
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Results and discussion 
The oxidation with halogens follows the same pathway as 
the oxidation of Ni(Bu.dtc)7 with halogens: 
3Ni(Bu2dsc)2 + 2X2 ->- 2Ni(Bu2dsc)3X + NiX2 (X - CI, Br) 
The product of the iodine oxidation has, on the basis of 
elemental analysis, a composition of Ni(Bu-dsc)-I, (see 
chapter VI). We think I, stands for a mixture of 
polyiodides, in accordance with Brinkhoff's proposal for 
the corresponding dithiocarbamato compound. 
Magnetia measurements 
Magnetic measurements for the metal trisdiselenocarbamates 
reveal the same, rather high magnetic susceptibilities as found 
earlier for the trisdithiocarbamates of nickel and platinum 
(see chapter III). Typical values found for ν . at 293 К are: 
—A ШОІ _, 
Ni(Bu2dsc)3Br 503.10 cgsu. and 'Ni(Bu2dsc)3I4' 672.10 , 
both corrected for diamagnetism, which corresponds with 1.09 
and 1.26 BM respectively. 
Conductivity 
Conductivity measurements in nitrobenzene were carried 
out at a temperature of 25 for Ni(Bu7dsc),Br and for 
'Ni(Bu7dsc),I.'. They showed the products to be 1:1 electrolytes 
- 1 2 -1 
with Л = 29.5 Ω cm mol and A = 73 (A , = 68) for the 
0
 - 1 2 - ί Ρ C 
bromide, and Λ = 32.9 Ω cm mol and A = 65 (A , 70) 
o exp _ cale 
for the iodide. From the ionic conductivity of Br in nitro­
benzene (λ = 21.9 fi cm ion (3)), λ for Ni(Bu«dsc). can 
0
 - 1 2 - 1 ° 2 3 + 
be calculated to be 7.6 Ω cm ion . This is higher than λ 
+ -1 2 -1 0 
of Ni(Bu?dtc)., (3.5 Ω cm ion as reported by Brinkhoff (1), 
- 1 2 - 1 
whereas our measurements give 4.9 Ω cm ion ) which is 
somewhat surprising. Although the experimental error in these 
values is high the differences are significant and no explanation 
can be given. 
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Infrared spe etra 
The trends in the infrared spectra, going from NiiBiudsc)., 
to Ni(Bu.dsc), are the same as in the dithiocarbamates: the 
C-N stretching frequency vibration increases, whereas the 
carbon-chalcogen frequency is found to decrease. 
As pointed out in chapter III three metal-chalcogen 
stretching vibrations are found in the tris products. Assuming 
a D,, symmetry for the bischelates, two stretching frequencies 
that can be ascribed to the metal-chalcogen bond are infrared 
active, but values caanot be assigned with certainty. For 
that reason comparison between the stretching frequency 
vibrations of the bis and the trischelates is not really possible. 
Comparing the frequencies mentioned for the dithiocarbamates 
and those for the diselenocarbamates, we see that the C-N 
stretching frequency is constant, whereas the carbon-chalcogen 
and metal-chalcogen frequencies increase, on replacing selenium 
by sulfur (table V.l). This is to be expected on account of 
the mass difference. It is, however, likely that other effects 
also play a part, at least in case of the carbon-chalcogen 
frequency, as calculation on the basis of the mass effect alone 
does not explain the great difference between the strongest 
peaks in the C-S and C-Se region (vC-Se 538 cm gives a vC-S 
calculated of 588 cm ; vC-S 614 cm gives a vC-Se calculated 
of 562 cm ). Bending frequencies can be mixed up in these 
absorptions and then no simple relation can be expected. 
The difference in position of the absorption peaks found 
for 'Ni(Bu-dsc).1, ' as well as for 'Ni(Bu_dtc),I,' as compared 
with NiCBu.dscKX and Ni(Bu dtc) X respectively, when X = CI, Br 
is most likely to be due to the effect of the counter ion. 
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Table V.2. The electronic absorption spectra o£ CoOu.dsc),, NifBu-dsc),, Ni(Bu dtc), and Co(Bu dtc). (a). 
The spectra are recorded in CHC1., solution Absorption maxima are given in kK. 
In parenthesis is the logarithm of the molar extinction coefficient. 
43.9 (4.39) 39.2 (4.60) 36.6 (4 64sh) 34.8 (4.30) 32.4 (4.60) 28.6 (4.33) 
34.8 (4.52) 31.4 (4.44) 27.4 (4.05) 
39 9 (3.64sh) 37.1 (4.56) 35.0 (4.12sh) 29.7 (4.22) 
43.6 (4.33) 40.3 (4.51) 36.1 (4.61sh) 31.0 (4.36) 
24.5 (4.15) 22.2 (3.93sh) 18.6 (3.02sh) 14.4 (2.84) 
25.5 (3.47) 22.4 (3.92) 19.0 (3.59) 16.6 (3.65sh) 14 4 (3.25) 
Ni(Bu2dtc)j 26.2 (3.57sh) 24.6 (3.82sh) 22.8 (3.93) 20.0 (3.73sh) 17.8 (3.52sh) 
Co(Bu2dtc)3 27.6 (4.16sh) 24.9 (3.98sh) 20.1 (3.08sh) 15.5 (2.88) 
(a) The spectra of Co(Bu dsc) , Ni(Bu5dtc), and Co(Bu dtc) agree with the data published earlier (2b, 7, 8). 
Table V.1. The C-N and assumed carbon-chalcogen and metal-
chalcogen stretching frequencies of Ni(Bu.-dsc)„, 
Ni(Bu dtc)., Ni(Bu dsc), and Ni(Bu dtc), in cm . 
The spectra are recorded in KBr (vC-N) and Csl. 
vC-N vC-Se vM-Se 
Ni(Bu2dsc)2 1511 587 326 
Ni(Bu2dsc) CI 1535 538 327 317 288 
Ni(Bu dsc)3Br 1534 538 327 317 288 
'Ni(Bu2dsc)3I4
,
 1518 537 324 314 294 
vC-N vC-S vM-S 
Ni(Bu2dtc)2 1515 626 387 
Ni(Bu2dtc)3Cl 1538 615 410 387 370 
Ni(Bu dtc)-Br 1538 615 410 387 370 
'NiiBu^tc)^' 1529 610 402 385 377 
The electronic spectra of Ni(Bu_dsc),X differ only in the 
Electronic spectra 
! 
specific absorptions of the anion. 
In table V.2 the electronic spectrum of Ni(Bu7dsc), is 
+ 
compared with those of Co(Bu dsc) , NiCBu.dtc) and Co(Bu dtc) . 
As could be expected, there is a close resemblance between them: 
Table V.3 Possible assignment of the spin-allowed transitions 
in Co(JJJ) and NiCrV) diseleno and dithiocarbamates. 
ν , v. and Δ are given in kK, В in Κ. β,, is 
Co(Bu2dsc)3 
Ni(Bu2dsc) 
Ni(Bu2dtc)3 
Co(Bu dtc), 
calculât 
gaseous 
vl 
14.4 
16.6 
17.8 
15.5 
ed 
Co 
with В = 
3+ and Ni 
υ2 
18.6 
19.0 
20.0 
20.1 
1100 and 1250 К for 
ions respectively. 
Δ 
15.1 
17.1 
18.3 
16.2 
В 
292 
158 
143 
321 
th. e 
B35 
0.26 
0.13 
0.11 
0.29 
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the ligands do not differ much if at all and the metals have 
a low spin d configuration. Moreover the compounds almost have 
a 0, symmetry in the first coordination sphere (4). With this 
basis we have tried to calculate some spectral parameters by 
analytically solving the formula for the energy differences 
of the Laporte forbidden transitions T, •*• A, (v.) and 
T2g* W f» 
ν = Δ - С + 86B /Δ 
ν = Δ + 16Β - С + 2Β2/Δ 
The analytical equation used is (6) : 
(a - l)a2 - {16 + (a - l)xb + (86a - 2) = 0 
with a = vJv , a = Δ/Β, χ - С/В and В = {43v - ν }/ {42(α- χ) + 688} 
With a value of χ = 4, the parameters Δ and В can be calculated. 
According to Jdrgensen (8) v. and ν of CoCEt-dtcK are 15.5 
and 20.8 kK respectively whereas Furlani and coworkers (2b) 
assign the absorption maxima at 14.4 and 19.1 kK in the spectrum 
of Co(Et2dsc), as belonging to v. and \>- respectively. Comparison 
of these spectra with our spectra makes the assignment of ν and 
v„ as given in table V.3 reasonable. 
As expected diselenocarbamate has a lower value of the 
ligand field parameter Δ than dithiocarbamate. Calculated from 
3+ 
Jdrgensen's formula Δ = f(ligands).g(central ion) with g(Co ) = 
18.2 (9), f(dsc~) is 0.82, which gives dsc the same 
spectrochemical position as dtp (dithiophosphate, f = 0.83), 
whereas f(dtc ) « 0.9. 
In view of the higher oxidation state of nickel in the 
complexes it is quite normal that the Δ values for the nickel 
compounds are higher than those for the cobalt complexes. 
The bands in the diselenocarbamates are shifted to lower 
energy as compared with the corresponding dithiocarbamates as 
is always found when sulfur is substituted by selenium. 
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The values for В and therefore β are extremely low in 
the nickel complexes. This indicates a very strong covalent 
character in the metal-ligand bonding. Thus the energy levels 
from which the excitations occur have a high degree of ligand 
character and consequently we cannot speak of d-d transitions 
and in fact we are not allowed to use the formulae given 
above for these transitions. In chapter III we saw that the 
application of the same formulae led to a nonrealistic 
Δ value for Pt(Bu-dtc).; this could also be due to this effect. 
In principle it may be possible to assign ν and ν for 
+ 
Ni(Bu.dsc)4 in other ways. These are given in table V.4 together 
with the calculated parameters Δ, В and β . 
Table V.4. See text. The notation is the same as for table V.3. 
V! \i2 Δ В в,, 
Ni(Bu,dsc)t 14.4 19.0 15.1 324 0.26 J 2 U ° W 3 
14.4 16.6 14.9 145 0.12 
The latter possibility also gives an extremely low В 
and therefore, following the same reasoning as above, we do 
not consider that these- transitions are d-d transitions. 
If 14.4 and 19.0 kK are assigned to be v. and v. 
respectively, the value of Δ is equal to that of Co(Bu,.dsc),, 
which is remarkable in view of the higher oxidation state of 
nickel which should cause an increase in Δ. Moreover 
B(Ni(Bu2dsc)3) > B(Co(Bu2dsc)3), whereas, with increasing 
oxidation state, a decreasing В is expected. From this we 
conclude that this assignment is not realistic. 
We rather state that the orbitale, involved in the 
electronic excitations are highly delocalized and that the 
transitions are charge transfer bands rather than d-d bands. 
The high extinction coefficients are then explained as well. 
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The charge transfer bands are likely to be M •*• L bands in 
view of the extinction coefficients and of the fact that, on 
going from dtc to dsc , which is more readily oxidized, a 
lowering in energy is observed. 
Proton NMR spectra 
The proton NMR spectrum of Ni(Bu dsc), shows the same 
features as that of the nickel and platinum trisdithiocarbamato 
complexes. 
At a temperature of 37 one set of signals is observed for 
the protons around each carbon atom. On lowering the temperature 
the signals broaden and the fine structure disappears. Measurements 
down to a temperature of -62 showed no sharpening of the peaks. 
Line broadening analysis revealed a value of about 1 kcal/mol 
for ΔΗ . The broadening is ascribed to the increasing viscosity 
of the solvent (see chapter III). 
The group signals are shifted downfield as compared with 
those in Ni(Bu?dsc)2, just as for Ni(Bu dtc), and Ni(Bu.dtc).. 
The oxidized products thus have a lower shielding due to the 
smaller electron density on the nitrogen atom caused by the more 
positive character of the metal atom. 
There is no difference between the resonance positions for 
the dithiocarbamates and the diselenocarbamates (see table V.5). 
Table V.5. NMR proton resonances; solvent CDC1,; temperature 37 ; 
further notation is the same as in table III.l. 
сн3 CH 2(Y) CH 2(S) CH 2(CO 
triplet multiplet multiplet triplet 
Ni(Bu2dsc)2 0.91 1.33 1.66 3.56 
Ni(Bu2dsc) 0.99 1.44 1.76 3.69 
Ni(Bu 2dtc) 3 0.98 1.40 1.70 3.64 
Ni(Bu2dtc)2 0.90 1.32 1.60 3.52 
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Behc&iour of Ni(Bujìsa) „ in CCI. 
On standing for a long time in CCI, a solution of Ni(Bu.dsc)9 
bleaches and a dark precipitate settles. Infrared spectra and 
analyses indicate that Ni(Bu_dsc)_Cl is formed. The reaction 
rate is temperature dependent; the reaction also occurs when 
oxygen or light is excluded. Selenium separates from the filtrate 
after some time. No attempts were made to identify the other 
decomposition products. 
Ni(Bu„dtc)„ and CCI, also react, although more slowly. In 
this case no NiiBu^dtcKCl results; the products could not be 
identified. 
FeiEt^dtc)^ and CCI, also give unidentified products, whereas 
with CHC1 Fe(Et2dtc)2Cl is formed. 
Cu(Et2dtc)2 and CCI, react to form CuCHEt.dtc), whereas 
the literature mentions that boiling CHC1 with Cu(Et-dtc) yields, 
apart from Cu(Et2dtc)2, a product with composition Cu-CHEt-dtc)- (10). 
Recent investigations in our laboratory indicate that this product 
probably has the formula 2Cu(Et dtc).CuCl, an adduct of Cu(Et2dtc) 
and CuCl. 
CCI, is known to be an oxidizing agent in some cases, for 
example (11) AFeCU + 2CC1, -*• AFeCl, + C2C1,. Moreover some 
reactions of dithiocarbamates with 1,2-dichloroethane (12) and 
with dichloromethane (13) are known: 
Na(Me2dtc) + CICHjCHjCl •* ClCH2CH2SC(S)NMe2 <íH2"S^C-NMe2 
+ Na(Me2dto) * Рг" 5 
+
сГ 
CH
n
-SC(S)NMe0 
1 2 Z 
CH2-SC(S)NMe2 
Na(Et2dtc).3H20 + CH 2C1 2 •+ CH2(SC(S)NEt2)2 (adding PR as a catalyst). 
Furthermore it is interesting that the exchange reaction of 
halogens, when α,α'-dibromo-o-xylene is refluxed with 
1 ,2-dichloroethane yielding the products djOi'-dichloro-o-xylene 
and a.a'-bromochloro-o-xylene, only occurs when Ni(Et9dtc)9 is 
present as a catalyst (14). 
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V.3. NICKELMONOTHIOCARBAMATES 
Introduction 
Whereas many 1,l-dithiolate complexes have been thoroughly 
examined, far less is known about compounds with the group _ C ' 
coordinating through oxygen and sulfur. In particular the work 
on metal dérivâtes of monothiocarbamates is mostly quite recent. 
The structure and properties of copper and silver monothio-
carbamates have been investigated (15), whereas in recent articles 
some data are given about other monothiocarbamato complexes (16). 
The greater electronegativity of oxygen as compared with 
sulfur and hence the decreased electron density on the metal atom 
leads to the expection of decreasing oxidizability and an in-
creasing affinity for further coordination. Oxidation of nickel(JJ)-
monothiocarbamate with halogens resulted in the decomposition of 
the ligand. In contrast to nickel(JI)bis(dialkyldithiocarbamate) (17) 
a pyridine complex of nickel(JJ)bis(dialkylmonothiocarbamate) 
could be synthesized. 
Synthetic procedures 
Ni(R-mtc)» could be prepared by a method analogous to the 
general procedure known for the preparation of dithiocarbamato 
complexes (18) using COS instead of CS.. 
The pyridine complex could be obtained by adding pyridine 
to a solution of Ni(R-mtc).. 
Results and discussion 
The investigations were performed with Ni(Pr.mtc)9. 
Conductivity 
As expected this compound is a non-electrolyte in nitrobenzene. 
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Composi tien 
In contrast to the observations of Krankovits (16) for the diethyl 
and pentamethylene compounds which were found to be Octahedral' 
dihydrates, our analyses indicate that there is no water present 
in Ni(Pr„mtc)7. This conclusion is confirmed bv the absence of 
water bands in the IR spectrum. 
МоЪеаиЪаи· weight 
The molecular weight was determined osmometrically in CCI, 
solution. A value of 1900 was found, which corresponds with a 
pentamer {NiCPr^mtc)-}. (calculated molecular weight 1896). 
The mass spectrum showed the highest m/e value at 758, 
corresponding with a dimer in the vapour of the solid, heated 
to 200°. 
Magnetia measurements 
Magnetic measurements on the solid compound in the range 93 
to 293 К gave a straight line, when l/χ was plotted against T, 
so the Curie-Weiss law was followed. The Weiss temperature was 
5 K, the magnetic moment 3.31 BM. In CCI, solution the magnetic 
moment of {Ni(Pr_mtc)9}, was 3.21 BM per Ni atom. Although these 
moments seem high in comparison with the spin only value (2.83 BM), 
the values normally found for octahedral Ni(XT) compounds are in 
the range 3.0-Э.З BM (19). 
Infrared spectra 
In the infrared spectrum of Ni(Pr,mtc)9 strong absorption 
-1 -1 
bands are found at 450 cm and 385 cm . In nickel(JJ) 
acetylacetonate a Ni-0 stretching vibration absorption is found 
at 452 cm (20), whereas one of the Ni-S vibration frequencies 
of NiiR-dtc). is found at 387 cm . In view of these values the 
450 and 385 cm absorption bands in NiiPr-mtc), are assigned as 
Ni-0 and Ni-S frequencies respectively, thus the monothiocarbamato 
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lïgand is coordinated through oxygen as well as sulfur. In a recent 
article McCormick and Stormer (16) assign the band at 540 cm to 
the Ni-0 stretching frequency. Comparing the spectrum of Ni(Pr.mtc)-
with that of Ni(Pr dtc)_ we see that in the spectrum of the 
. . -1 
latter an absorption band is present at 528 cm , whereas this 
spectrum shows no absorption at about 450 cm . So we prefer to 
assign the absorption at 450 cm in Ni(Pr mtc)9 to a Ni-0 vibration. 
According to Krankovits, bands in bis(tetramethylenemonothio-
carbamato)nickel(IT) dipyrrolidine at 1618 and 670 cm are 
characteristic for the -Cj¿ group. In our compound no absorption 
ь -1 
frequencies are present between 1550 and 2800 cm 
In the region 1500-1550 cm two bands are present: at 1545 cm 
and at 1525 cm , which can be ascribed to the C-0 and C-N stretching 
frequency. In the free ligand the C-0 stretching frequency lies at 
about 1650 cm and the C-N stretching frequency at about 1400 cm 
In coordination the double bond character of the C-0 bond decreases 
and the bond order of the C-N bond increases. In (monothioacetyl-
acetonato)(dithioacetylacetonato)nickel(JJ) the C-0 frequency is 
found at 1550 cm (21), so we assign the absorption band at 1545 cm 
to the C-0 vibration and the band at 1525 cm to the C-N vibration. 
There is no explanation at hand for the large difference in 
the C-0 stretching frequencies found by Krankovits in the tetramethylene 
and by ourselves in the propyl derivate. 
As can be concluded from the C-0 stretching frequency by making 
comparisons with the C=0 absorption (1750-1735 cm ) and the C-0 
absorption in esters (at about 1200 cm ) (22), the C-0 band in 
monothiocarbamates has a certain amount of double bond character. 
The C-S frequency in Ni(Pr mtc) is found at 668 cm which 
is nearly the same as the value given by Krankovits. The C-S 
frequency is found in the region of a C-S band with single bond 
character (705-507 cm"1) (22). 
Three canonical forms can be written for the monothiocarbamato 
ligand: 
R ,0 R
 Λ
 Ω
 Θ
 R 0 0 
I : N-C I I : N=C I I I : Ν—C
v 
R/ \ s o R/ \ β R/ \ 
The frequencies of both the C-0 and C-S absorption suggest that 
form I is an important boundary structure. 
The C-N frequency shows an appreciable double bond character. 
Whereas the C-N frequency of the single bond is found in the 
region of 1000-1200 cm (amines) and that of a double bond around 
1650 cm (22), in NiiPr.mtc)», this absorption is observed at 
1525 cm . The electronegativity of the oxygen leads to a somewhat 
positive carbon atom. This is compensated by an effect which causes 
a shift of the lone pair of electrons on the nitrogen atom into 
the C-N band. Therefore the canonical form I is mixed with form II. 
This is in accordance with the findings of Brennan and Bernal in 
their structural studies of {Cu(Pr„mtc)}, (15) and with the con­
clusions drawn by Magee and O'Connor from IR data of Tl(Et„mtc) (16). 
Comparison of the C-N stretching frequency of Ni(Pr-mtc)„ with 
that of Ni(Pr?dtc)7 (1505 cm ) could lead to the conclusion that 
form II in the monothiocarbamates makes a more important contribution 
than it does in the dithiocarbamates. However, any conclusions from 
comparison of absorption frequencies of Ni(R,mtc). with those of 
Ni(R„dtc)~ should be considered very carefully. On the basis of 
magnetic measurements and molar weight determination it is 
concluded that the structures of these complexes are not the same. 
The monothiocarbamato complex is paramagnetic, and so a planar 
surrounding of the nickel is ruled out, whereas X-ray analysis 
of the diamagnetic dithiocarbamato complex reveals a planar 
NiS, coordination (23). 
Hesse and Aava (15) state, on the basis of C-N, C-S and C-0 
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bond lengths found in their structural studies of {Cu(Pr-mtc)},, 
¿ о 
that the form I is more important in the monothiocarbamates than 
in the dithiocarbamates. Considering, however, the standard 
deviations of the bond lenghts in this compound and {CuCEt.dtc)}, 
(23), neither the C-S nor the C-N differ significantly. 
Electronie speatra 
The values found for the absorption bands in the electronic 
spectra are given in table V.6. 
Table V.6. Electronic spectra of Ni(Pr2mtc)„; transitions are given 
in kK; in parenthesis is the molar extinction coefficient. 
Solution spectrum 
solvent: CCI, 
8.3 (16.6) 
10.3 ( 3.5) 
14.0 (31.7) 
18.8 ( 9.7) 
22.3 (258) 
Diffuse reflectance 
spectrum 
8. 
10, 
13. 
23, 
29, 
.4 
.2 
.9 
.5 
,4 
34.7 ( 2.5 10 ) 
The absorption at 34.7 kK can be ascribed to a Ή* -<- η transition 
of the N-C^ group as has been pointed out by Janssen (25). 
Following the procedure described by Lever (26) the spectral 
parameters were calculated from the d-d transitions assuming a 
pseudo-octahedral coordination around the nickel atom. The best 
3 3 
fit for the three expected d-d transitions was Ti„( p) "·" A 2 B ^ з ^
: 
23.5 kK, 3T, (F) *• 3A (v.): 13.9 kK, 3T <- V (v.): 8.4 kK. 
'g 2g 2 2g 2g 1 
Using this assignment the value of the ligand field paramater Δ was 
calculated to be 8410 cm which is about the same as the value of 
Ni(EtOH),+(8350 cm"')(27). With the help of the relation 
о 
Δ = f(ligands).g(central ion) in which g(Ni(JI)) = 8.7 (9), the 
value of f(rate ) is 0.97, compared with 0.90 for f(Et0H) and 1.00 
for f(H20) (9). 
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The value of Che interelectronic repulsion parameter В is 
calculated to be 804 cm . Whereas the free ion value for Ni(JX) 
is 1041 cm (9), ß-5 = B(complex)/B(free ion) is 0.77. The 
formula of J¿rgensen (I - 8,,-) = h(ligands) .k(central ion), with 
к » 0.12 for Ni(JJ) can be used for comparison with other ligands. 
Hence h for the mtc ligand is 1.9, which is comparable with the 
value for CI (2.0). So the mtc ligand has to be placed between 
2- - . . 
ox and CI in the nephelauxetic series (9). From the spectrum 
of CoCBu.dtc)., where 6 = 0.29, and that of Co(Bu dsc)-, where 
β ~ 0.26, the values of h(dtc ) and h(dsc ) are found to be 2.1 
and 2.2 respectively (k being 0.33), and we have to place dtc 
and dsc between CN and Br . Thus we can extend the nephelauxetic 
series (the ligands being given in order of decreasing β) to: 
F~ > H 20 > C0(NH 2) 2 > NH3> en = ox ~ > mtc" > Cl~ = CN~ > dtc" > 
dsc > Br > N. > I > dtp . From this we can see that the 
amount of the covalency in the metal-ligand bond is somewhat 
greater for dsc and dtc than for mtc . 
The absorption bands at 10.2 kK (diffuse reflectance spectrum) 
and at 18.8 kK (solution spectrum) are low intensity bands. 
They could be due to spin forbidden d-d transitions. 
Assuming the 10.2 kK absorption to be one of the transitions 
1 3 1 3 
T„ t- A or Τ •*- A , the parameter С will be < 0, 
^s ^s is ^s 1 3 1 3 
whereas if this absorption were the E *• A„ or A, •*• A„ 
g 2g Igj 2g 
transition, the value for С would be 2115 and 1409 cm 
respecively and too low a value for the C/B ratio (2.6 and 
1.8 respectively) results. 
The 18.8 kK band absorption can be ascribed to the 
1 3 . . 
A, •*- A„ transition. Energy level calculations show the 
Jg 2g 1 3 
energy difference between the A, and the A„ level to 
2 •g 2g 
be 16B + 4C - 108B / Δ (5). From this the racah parameter С is computed to be 3559 cm , and hence C/B = 4.4. 1 3 
Using these values of В and С the transitions E +• A , 
1 3 1 3 . 8 '8 
T. * A. and T. •*• A_ are predicted to lie at 13.1 kK, 
2g 2g lg ^g 
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21.0 kK and 25.2 kK respectively. None of these is observed, 
whilst the 10.2 kK absorption cannot be explained even 
assuming intermediate coupling, which should cause a shift 
-1 1 3 3 3 
of about 800 cm when mixing of E *• A„ with T, •«- A, 
_, g 2g lg 2g 
is present, and about 50 cm when the spin forbidden band 
3 3 is mixed with the T- •*- A„ transition. These shifts are 2g 2g
 2 
calculated using the formula К / ( | Е , - Е | ) , where К = 
-1 3 3 s s a -1 
800 cm (mixing of I. •«- A« ) or К = 500 cm (mixing 
3 3 e ι 
with T- +• A. ) and E , - E is the modulus of the 2g 2g ' sf sa' 
difference in the energies of the spin forbidden (sf) and 
spin allowed (sa) transitions concerned (5). 
From the ligand field parameter the spin-orbit coupling 
2 
constant can be calculated using the relation -λ - 2.7B /Δ (27). 
For Ni(Pr-mtc)7 the spin-orbit coupling constant found in this 
way is -208 cm" . From the relation у » 2.83(1 - 4 λ/Δ) (28) a 
theoretical μ value of 3.11 BM is found, which is somewhat lower 
than the experimental value (3.21 BM). 
The above interpretations are given assuming a pseudo-octahedral 
coordination around the nickel atom. It has, however, to be kept in 
mind that the actual symmetry, even when only the first coordination 
sphere around the nickel atom is considered, is not 0. . For nickel(JI) 
h 
monothiobenzoate a structure with a local D„, symmetry is proposed 
by Savant et al. (29) on account of physical measurements, for 
instance on the basis of the magnetic moment and of the electronic 
spectrum which is the same as the spectrum of Ni(Pr-mtc)2 found in 
our work. Therefore we assume an analogous structure to be present 
in our compound. The crystal structure of the ethanolate adduct 
of nickelmonothiobenzoate published by Bonamico and coworkers (30) 
(fig. V.l) is remarkable. This kind of structure can be excluded 
for Ni(Pr7mtc)7 in view of the electronic spectra, the magnetic 
measurements and the molecular weight data. 
93 
Fig V.1. The structure of the ethanolate adduct of nickelmonothio-
benzoate (not to scale). The centrosyrametrically related 
molecule is not shown. 
Fig V.2. The molecular geometry of {NiCBu.mtc).},. The butyl chains 
are omitted for reasons of clarity. (Reprinted from ref. 31 
by permission of Pergamon Press Ltd.) 
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Crystalline Ni(R mta). 
Hoskins and Pannan (31) recently reported elucidation of the 
structure of Ni(Bu_mtc)„. Their investigations show the compound 
to be hexameric. The Ni atoms are arranged in a puckered ring 
system (chair form) (fig V.2), and the Ni-Ni distances are on 
average 3.415(4) A. Each Ni atom is octahedrally coordinated by 
two oxygen and four sulfur atoms. The sulfur atoms form the bridge 
between two adjacent Ni atoms, whereas the Ni' ^ Ni units are 
folded about the S..S line Ъуіл15 . The values for the Ni-S 
and Ni-0 distances are typical for a high spin Ni(JJ) complex. 
These results agree very well with the conclusions we have 
reached on basis of spectral and magnetic investigations. 
Solutions of Ni(Pr.mta) r, 
The properties of Ni(Pr5mtc). depend upon the type of the 
solvent. In table V.7 the colour and the spectra of the solutions 
are given. On standing the solutions slowly change colour due to 
decomposition reactions. In CHC1, the molar weight was found to 
be 650 compared with 1900 in CCI, (the monomeric molar weight 
being 379). The magnetic moment in CHC1, was determined to be 
2.05 BM, as compared with 3.21 BM per Ni in CCI, solution. In 
apolar solvents such as CCI,, ether and hexane, pentamers are 
present, in polar solvents such as CHC1, and acetone depolymerization 
occurs, probably by coordination of the solvent. The decomposition 
reactions in the solutions were not studied in detail; in CCI, and 
CHC1_ oxidations could occur as is found for Ni(dsc)7. 
The electronic spectra in CHC1, and acetone are not interpretable 
if octahedral coordination around the Ni atom is assumed. The 
spectra of the violet CHC1, solution and the acetone solution could 
be due to a species in square planar coordination. Spectra of square 
planar complexes show one rather strong absorption band between 
15 and 25 kK and a second more intense band between 23 and 30 kK. 
In the spectra of the violet CHC1. solution and the acetone solution 
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such bands are present. Square planar complexes of nickel with 
sulfur ligands generally have an additional band between 10 and 15 kK; 
such a band is present in both solution spectra under consideration. 
The spectrum of the brown CHC1. solution is certainly not that 
of a square planar complex as a band is present below 10 kK, 
whereas the crystal field splitting of a square planar complex is 
invariably greater than 10 kK (5). 
Table V.7. Electronic solution spectra of Ni(Pr9mtc).. Band 
positions are given in kK. 
Solvent : 
Colour of the 
solution: 
CCI, CHC1, acetone 
A 3 
(concentrated) (diluted) 
yellow-brown brown 
8.3 8.2 
10.3 
14.0 
34.7 
12.9 
35.0 
violet red 
14.0 
35.0 
13.0 
18.8 
22.3 
15.1 
18.6 
21.9 
18.5 
23.5 
18.6 
23.2 
30.0 
Pyridine complex of Ni (Prjnta) „ 
A pyridine complex can be prepared from Ni(Pr,mtc)_ with 
stoichiometry Ni(Pr9mtc)9py9. This is in contrast to the behaviour 
of the corresponding dithiocarbamato complex and in accord with 
the proposed lower electron density on the nickel atom in the 
monothiocarbamato compound. 
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The pyridine complex is a non-electrolyte in nitrobenzene 
and monomolecular in CCI, as determined using the osmometric 
method (found 521, calculated for a monomer 537). 
Magnetic measurements on the solid complex showed the 
magnetic moment at room temperature to be 3.25 BM. 
Apart from the asborptions due to pyridine no significant 
differences were found in the IR spectra as compared with 
those of NiiPr.mtc).. 
It is reasonable to propose a pseudo-octahedral structure 
for this complex; the electronic spectra could be interpreted 
assuming this structure (see table V.8). The calculated spectral 
parameters are Δ = 9210 cm" , В = 725 cm , $ 3 5 = 0.70, С = 3087 
and C/B = 4.3. In the spectrochemical series the order is 
mtc < py (f « 0.97 and 1.25 respectively), so a higher Δ value 
is expected for Ni(mtc)„py„ than for Ni(mtc)-. Calculated using 
the law of the 'average environment' (32), Δ is predicted to be 
9250 cm . The position of pyridine in the nephelauxetic series 
is not exactly known and therefore no predictions can be made 
for the В value of Ni(mtc)-py„. 
Table V.8. Electronic spectra of Ni(Pr9mtc)-py7. Transition 
energies are given in kK. In parenthesis is the molar 
extinction coefficient. 
Diffuse reflectance Solution spectrum Assignment 
spectrum solvent CCI, 
8.7 9.2(22) 3T- + V 
2g 2g 
10.2 
14.6 14.4(39) V (F) * 3А 0 
,1g 3 2g 
19.8 20.5(19) T, «- A-
3 2g g^ 
23.9 23.8(274) "τ. (Ρ) *- Α. 
ì '8 2g 
30.5(3 10 ) 
35.0(1Û4) 
38.5(1.2 IO4) 
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Oxidation of Ni (Pv.mta) „ 
Attempts to isolate a nickel monothiocarbamato complex with 
Ni in the formal oxidation state +3 or +4 have failed so far. 
Because of the greater electronegativity of the mtc ligand as 
compared with dtc caused by the replacement of sulfur by oxygen, 
the diminished oxidizability is quite understandable. Oxidation 
by bromine or iodine without decomposition of the ligand is im-
possible as has been experimentally established. No attempts have 
been made to identify the decomposition products. 
V.4. COMPARISON OF DISELENO AND MONOTHIOCARBAMATES WITH DITHIOCARBAMATES 
The properties of the complexes discussed in this chapter, 
together with some other studies carried out in our laboratory (33) 
enable us to compare their behaviour with that of the dithiocarbamates. 
The diselenocarbamates do not differ much from the dithiocarbamates 
Their geometry is the same, in contrast to monothiocarbamate nickel 
which is not monomeric but is a dimer in the vapour phase and a 
higher polymer in solution. The diseleno, as well as the dithiocarbamato 
complexes of nickel(JJ) are planar whereas the coordination óf the 
metal in nickel(JJ)monothiocarbamate is pseudo-octahedral. In 
consequence the former compounds are diamagnetic whereas the latter 
is paramagnetic with two unpaired electrons. 
The coordinating atoms influence the -position of the ligand 
in the spectrochemical series and their order is dsc < dtc < mtc 
(increasing Δ). The ordering in the nephelauxetic series is the 
same when given in order of increasing 6, so the amount of covalency 
is greatest for dsc and least for mtc . From this we expect an 
oxidizability order of the complexes increasing from mtc· through 
dtc to dsc . Experimentally it was confirmed that it was not possible 
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to oxidize Ni(R.mtc)„ with halogens, whilst Ni(R dtc)- and NiCR.dsc), 
are both readily oxidized to complexes in which nickel has a formal 
oxidation state of +4 by these reagents. This is in accordance 
with the Polarographie measurements for copper and gold diseleno and 
dithiocarbamates. The diselenocarbamate complexes show lower E, 
values than their sulfur analogues (33). 
Reaction with donors such as pyridine only yielded isolable 
adducts from Ni(R dtc)? when R = H (17). A pyridine adduct could 
readily be isolated from Ni(Pr„mtc)9. Therefore it is concluded that 
a greater electron density exists on the nickel atom when this is 
surrounded by dithiocarbamato ligands than when the coordination 
takes place with monothiocarbamato ligands. As the C-N frequency in 
Ni(JJ)(R dsc), is of the same order as that of Ni(IJ)(R dtc) 2, the 
conclusion can be drawn that the electron density of the metal does 
not differ much in the two complexes. Because of this no interactions 
of bases with Ni(Bu»dsc)„ are expected. This is confirmed in that 
the electronic spectra in CHC1 and pyridine are completely identical. 
The infrared spectra of nickel diselenocarbamato and nickel 
dithiocarbamato complexes differ only in so far as the coordinating 
ligand atom is involved, whereas, in view of the difference in 
structure, it is not very possible to compare their spectra with 
those of the nickel monothiocarbamates. 
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CHAPTER VI 
EXPERIMENTAL PART 
Physical measurements 
For the measurement of the infrared spectra a Perkin-Elmer 257 
spectrometer (4000-700 cm" ) and a Hitachi EPI-L spectrometer (700-200 cm 
were used. The electronic spectra were measured on a Unicam SP 700C 
spectrometer. A Hewlett Packard 302B osmometer was used for the 
determination of molar weights. Electrical conductivities were 
measured in nitrobenzene solution with the Metrohm Konduktoskop E 365. 
The proton NMR measurements were made by Mr. J.J.M. Backus and 
Drs. J.W. de Boer using a Varían XL-100 spectrometer with variable 
temperature control. A Varian V 4502 X-band spectrometer was used 
for ESR measurement. The Varian Atlas SM IB was used to record 
mass spectra using 70 eV ionizing electrons. Melting points 
(uncorrected) were obtained with a Leitz Mikroskopheiztisch 350. 
Metals were analysed by atomic absorption methods using a Varian 
Techtron AA 100 or a Unicam SP 90 spectrometer. The C, H and N 
analyses were carried out by Mr. J. Diersman. 
Preparative ρarfe 
For the preparation of the well-known,starting products 
reference is made to the given literature or to the manufacturer 
for commercially available materials. 
Chapter III 
Ni(Bu2dtc):,I 
To a solution of 1 mol of I„ in diethylether, cooled to -30 , 
were added 2 mol of Ni(Bu9dtc). (1)· The reaction mixture was 
stirred for several hours at -30 and Ni(Bu«dtc)9 slowly dissolved 
while a black precipitate appeared. After filtration this compound 
was washed with water and cold diethylether and dried at room 
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temperature. (M.p.: 88 , dec.) 
Anal. cale, for NiC H . ^ S . I : Ni 9.9; С 36.4; Η 6.1; Ν 4.7; S 21.6; I 21 
found: Ni 10.0; С 36.4; H 6.0; Ν 4.8; S 21.6; I 21 
A reaction occured on shaking of solid I (1 mol) and Ni(Bu-dtc)_ 
(2 mol). After every 30 minutes a sample was taken and an infrared 
spectrum recorded for it. The IR spectra showed a continuous change 
from Ni(Bu dtc), through Ni(Bu dtc)-! to Ni(Bu dtc)_I,. The reaction 
to Ni(Bu dtc) I was completed after one day. Ni (Bu.dtc),,! was 
observed in the spectrum after 3 hours already. 
Pt (Bu^dtc^I^, (trans modification) 
To a solution of 1 mol of Pt(Bu dtc). (2) in diethylether a 
solution of 1 mol of I. in the same solvent was added all at once 
with stirring. A brown precipitate was formed, which was filtered 
and washed thoroughly with diethylether. M.p.: 137-140 . 
Anal. cale, for PtC¡8H ^ S ^ ï C 25.2; H 4.2; Ν 3.3; S 14.9; I 29.6. 
found: С 25.2; H 4.2; Ν 3.3; S 14.4; I 29.8. 
Pt(Bu?dtc)nIn (cis modification) 
To a solution of 1 mol of Pt(Bu„dtc). in diethylether a solution 
of 1 mol of I 9 in the same solvent was added dropwise. The solution 
was partly evaporated until a precipitate was formed. After further 
crystallization the red precipitate was filtered and washed with 
diethylether. Recrystallization from a CHC1,-diethylether mixture 
yielded a product with a m.p. 138-141 . 
Anal. cale, for PtC,0H,,N„S,I„: С 25.2; H 4.2; Ν 3.3. ] o Jo ¿ ч ¿ 
found: С 25.2; Η 4.2; Ν 3.2. 
Pt(Bu0dtc)?Br:l (trans modification) 
This product was obtained by a method analogous to that for 
tr-Pt(Bu dtc).!.. Colour: orange; m.p.: 157-159 . 
Anal. cale, for PtCjgH , Ν ^ , Β ^ : С 28.3; Η 4.8; Ν 3.7. 
found: С 28.4; Η 4.7; Ν 3.5. 
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Pt(Bu?dtc)?Br^ (cis modification) 
This modification was obtained by dissolving tr-Pt(Bu.dtc)9Br-
in CHC1, and reprecipitation with diethylether. Colour: orange; m.p.: 158 
Anal. cale, for PtCι 8
Η3 6
Ν2 δΔ Β Γ2 : C 2 8 · 3 ; H 4-8î N 3·7· 
found: С 28.3; H 4.7; Ν 3.6. 
Pd(Bu
;
dtc)
:;
I2 
A solution of 1 mol of Pd(Bu2dtc)7 (2) in diethylether and 
a solution of 1 mol of !„ were both cooled to 0 and then slowly 
mixed together with vigorous stirring. After 15 minutes the 
solution was cooled to -10 . Dark-red needles crystallized. M.p.: 80-81 . 
Anal. cale, for PdC 1 8H 3 6N 2S,I 2: С 28.1; Η 4.7; Ν 3.6; S 16.7; I 33.1. 
found: С 28.3; H 4.8; Ν 3.8; S 16.5; I 33.2. 
Pt(Bu2dtc) Br 
1.2 mol of Bu.tds in chloroform was added to a solution of 
4 
I mol of Pt(Bu-dtc)2Br2, also in chloroform. After 10 hours of 
refluxing, diethylether was added to the mixture, which had been 
cooled to room temperature, in such a quantity that precipitation 
just started. The mixture was left standing to crystallize. A yellow 
precipitate was formed. M.p.: 265*267 . 
Anal. cale, for P t C ^ H ^ N ^ B r : С 36.5; H 6.1; N 4.7. 
found: С 36.7; H 6.0; Ν 5.0. 
PtÇBu^dtchl-
This light brown compound was obtained by a method analogous 
to that for the bromine compound using Pt(Bu.dtc).I- instead of 
Pt(Bu2dtc)2Br2. M.p.: 173-174°. 
Anal. cale, for PtC27H5,N3S6I3: С 27.3; H 4.6; Ν 3.5; S 16.2; I 32.1. 
found: С 27.3; H 4.7; Ν 3.5; S 16.0; I 31.8. 
104 
Pt(Bu,dtc).Cl ¿ J — 
A solution of 1 mol of K.PtCl, in water was added to a solution 
2 4 
of 2 mol of Bu.tds in hot acetone. The clear red solution was 
ч 
evaporated until precipitation occurred. The yellow precipitate 
was filtered and washed with water and diethylether. Recrystallization 
from an ethanol-diethylether mixture yielded a product with a 
m.p. of 249-250°. 
Anal. cale, for PtC„H
c
,N,S,Cl: С 38.4; H 6.5; Ν 5.0. ¿I J4 J b 
found: С 38.3; Η 6.4; Ν 5.0. 
Pt(Bu
:;
dtc)3I 
1 mmol of Pt(Bu.dtc).1. (solid) was refluxed for 3 hours with 
120 ml 35% ammonia solution. The colour changed from brown to yellow. 
The yellow precipitate was filtered and dried. M.p.: 250-252 . 
Anal. cale, for Ρ ί Ο ^ Η , , Ν ^ Ι : С 34.6; Η 5.7; Ν 4.5. 
found: С 34.7; Η 5.8; Ν 4.5. 
Pd(Bu2dtc)„,I3 
To a saturated solution of 1 mol of Pd(Bu„dtc)9I„ in diethyl­
ether was added a solution of 1.3 mol of Bu.tds (3) in the same 
solvent. After stirring the reaction mixture was left to stand 
until the precipitate had crystallized. Partial evaporation was 
sometimes necessary. A red powder was obtained. M.p.: 116-117 . 
Anal. cale, for PdC.,H
c
.N,S,I,: С 29.5; Η 4.9; Ν 3.8. 
found С 29.6; H 4.9; Ν 4.1. 
{Pd(Bu2dtc)3}2Cu2X6> (Χ = Cl, Br) 
То a solution of 1 mol of Pd(Bu-dtc)? in chloroform was 
added a suspension of half a mol of (Bu.bitt)Cu.X, (X = CI, Br) (4). 
4 2. b 
A clear solution was obtained in each case by stirring the reaction 
mixture for half an hour. After addition of diethylether to the 
solution a crystalline compound was obtained. Some coprecipitated 
CuX.(Bu.dtc) could be removed by washing thoroughly with diethyl­
ether. Yield: about 40% (cale, upon Pd). 
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Χ = Cl. Anal. cale, for Pd ,Ο,-,Η, ..„N,3, ,Cu„Cl, : 
¿ 54 108 6 12 2 6 
Pd 12.0; С 36.5; Η 6.1; Ν 4.7; Cu 7.1; Cl 12.0. 
found: Pd 12.1; С 36.6; H 6.1; Ν 4.9; Cu 7.2; Cl 12.4. 
Colour: red; m.p.: 104-105 . 
X = Br. Anal. cale, for Pd.C
c
 .Η,,^Ν,Β,,,αι,,ΒΓ, : 
2 54 108 6 12 2 6 
Pd 10.4; С 31.7; Η 5.3; Ν 4.1; Cu 6.2; Br 23.4. 
found: Pd 10.4; С 31.1; Η 5.1; Ν 4.1; Cu 6.4; Br 23.7. 
Colour: black-brown; m.p.: 90 (dec). 
Pt(Bu
:
dtc)3CuX2 (X = CI, Br) 
The same procedure as described for the compounds 
{Pd(Bu_dtc),}.Cu.X,, but performed using Pt(bu.dtc)- instead of 
2. J L ¿ b A L· 
Pd(Bu dtc) yields the compounds Pt(Bu dtcKCuX (X = CI, Br). 
These products could also be obtained by a reaction of 1 mol 
of a solution of Pt(Bu-dtc)9 in chloroform with a solution of 
1 mol of CuX9(Bu9dtc) (5), also in chloroform .The products 
were precipitated from the solution by adding diethylether. 
Reaction of molar solutions of Pt(Bu7dtc).Br and CuBr2 (6) in 
absolute ethanol yielded Pt(Bu dtc),CuBr . 
X = CI. Anal. cale, for PtC^^H^N-S-CuCl. : 
27 54 3 6 2 
С 34.4; H 5.8; Ν 4.5; Cu 6.7; Cl 7.5. 
found: С 33.9; H 5.5; Ν 4.5; Cu 6.7; Cl 7.8. 
Colour: yellow; m.p.: 153-154 . 
Χ = Br. Anal. cale, for PtC.-Hc/N,S¿CuBr„: 
27 54 3 6 2 
С 31.4; Η 5.3; Ν 4.1; S 18.7; Cu 6.2; Br 15.5. 
С 31.4; H 5.5; Ν 4.1; S 1£ 
Colour: yellow; m.p.: 141.5-142.5 
found: 8.5; Cu 6.2; Br 15.3. 
rO 
Pt(Bu2dtc):lAuBr2 
Using methods similar to those for the copper compound, this 
product was obtained by the reaction of Pt(Bu.dtc)„ with AuBr.(Bu.dtc) (7) 
or by the reaction of Pt(Bu.dtc)^Br with AuBr.. Colour: yellow, 
m.p.: 135.5-137°. 
Anal. cale, for PtC.-H,. .N.S.AuBr. : С 27.8; H 4.7; Ν 3.6; Au 16.9; Br 13.9. 
27 j4 J o ¿ 
found: С 27.5; Η 4.5; Ν 3.6; Au 17.3; Br 13.9. 
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{PdX(Bu2dtc)}2, (Χ = Cl, Br) 
A solution of Pd(Bu-dtc)„ in chloroform was shaken with a 
solution of К PdX, (X = CI, Br) in water acidified with 0.1 M 
H„S0, (slightly in excess of the PdCBu-dtc),)· The aqueous layer 
discoloured whilst the colour of the chloroform layer changed 
from yellow to orange. After evaporation the chloroform layer 
yielded an oil from which the compound was produced on addition 
of diethylether. It was then recrystallized from a chloroform-
die thy lether mixture. 
X = CI. 
Anal. cale, for Pd.Cl.C.gH .l^S^Pd 30.7; С 31.2; H 5.2; Ν 4.1. 
found: Pd 30.1; С 31.4; Η 5.2; Ν 3.9. 
Colour: red; m.p.: 129-130°. 
Χ = Br. 
Anal. cale, for Pd Br.C.gH .Ν^ίΡα 27.2; С 27.7; Η 4.6; Ν 3.6. 
found: Pd 27.1; С 26.4; Η 4.4; Ν 3.4.' 
Colour: red; m.p.: 132-134 . 
Chapter V 
Ni(Bu2dsc)2 
Carbon diselenide (prepared as given by Barnard and Woodbridge (8), 
but without extensive purification) was dissolved in dioxane, 
filtered through glass-wool and dropped slowly into a vigorously 
stirred solution of NaOH and di-n-butylamine (3) in water at -10 . 
The resulting reaction mixture could be converted either directly 
into Ni(Bu-dsc)„ or into Zn(Bu7dsc)„ as this is stable and easily 
convertible into metal di-Q-butyldiselenocarbamates. 
For the direct reaction to Ni(Bu-dsc)„ the mixture was 
immediately poured into an aqueous solution of NiCl- (6) cooled to 
about 0 . The product was extracted in chloroform and filtered 
through Hyflo to free the extract from insoluble products (e.g. 
Ni(0H)„). Most of the chloroform was evaporated and the resulting 
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solution was left standing to crystallize after addition of ethanol. 
Recrystallization could be performed from dimethylformamide. 
Zn(Bu-dsc), is prepared by pouring the reaction mixture into 
2+ 
an aqueous solution of Zn , treating the mixture as in the case 
of Ni(Bu„dsc).. Ni(Bu.dsc)_ can then be prepared by dissolving 
the zinc complex in chloroform and shaking the product with an 
aqueous NiCl, solution, followed by separation of the chloroform 
layer, partial evaporation of the solvent and addition of ethanol. 
Colour: black needles, m.p.: 92-94.5° (literature: 93.50(9)). 
Anal. cale, for NiC H ^ S e ^ N i 8.9; С 33.0; H 5.5; Ν 4.3. 
found Ni 9.0; С 33.2; H 5.5; Ν 4.3. 
Ni(Bu2dsc)3X (Χ = Cl, Br, I4) 
2/3 mol of X„ (X„ = Cl», Br_, I„) dissolved in chloroform 
were added to a stirred chloroform solution of 1 mol of Ni(Bu-dsc)„ 
at room temperature. The reaction mixture was filtered and Ni(Bu„dsc).X 
was precipitated by addition of petroleum-ether (60-80 ). After 
filtration the precipitate was washed with water until free from 
halide ions. The final product was driea in vacuo over P90¡.. 
X = Cl 
Anal. cale, for NiC„,Hc,N,Se,Cl: С 35.8; H 5.5; Se 47.9; Cl 3.6. ¿I J4 3 b 
found: С 32.9; H 5.8; Se 48.2; Cl 3.6. 
Colour: black; m.p.: 163-165 . 
X = Br 
Anal. cale, for NiC^H^Í^SegBr: Ni 5.7; С 31.4; H 5.3; Ν 4.1; Se 45.9; Br 7. 
found: Ni 5.7; С 31.0; H 5.3; Ν 3.6; Se 46.7; Br 7. 
Colour: black; m.p.: 206-210°. 
X = I 4 
Anal. cale, for NiC Hj.N-Segl^: Ni 4.0; С 22.2; H 3.7; Ν 2.9; I 34.8. 
found: Ni 4.1; С 22.3; H 3.7; Ν 2.9; I 35.3. 
Colour: black; m.p.: 130.5-132°. 
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Ni(Pr2mtc)2 
0.15 mol of di-η-propylamine (7) in 200 ml acetone and 0.15 mol 
of KOH in 10 ml of water were mixed and cooled to 5 . COS gas (10) 
was passed through this solution to saturation. The reaction mixture 
was dropped into a saturated aqueous solution of 0.075 mol of nickel 
acetate (6). The precipitate was filtered and washed with acetone. 
A further purification was possible by dissolving the precipitate 
in chloroform and reprecipitation with acetone yielding dark green-
yellow crystals, m.p. 190-191 . 
Anal. cale, for NiC ,H I^O^rNi 15.5; С 44.3; H 7.4; Ν 7.4; 0 8.4; S 16.9. 
found: Ni 15.6; С 44.3; H 7.4; Ν 7.4; О 8.6; S 16.7. 
Ni(Pr2mtc^2py2 
A bis-pyridine adduci could be obtained by dissolving Ni(Pr,mtc)_ 
in chloroform, adding pyridine (6) and precipitating the green 
compound with ethanol. M.p.: 209 (dec). 
Anal. cale, for NiC^H^t^O^ : С 53.6; H 7.1; Ν 10.4. 
found: С 53.6; Η 7.1; Ν 10.5. 
Appendix 
(Et4bitt)(FeX4)2 (Χ = Cl, Br) 
These compounds can be prepared by dissolving Fe(Et.dtc), or 
FeXÍEt.dtc), (12) in CHC1, and treating them with CI» or Br2 
respectively until a precipitate is formed. 
X = CI. Anal. cale, for Fe^lgCj¿,Η^Ν^: 
Fe 16.9; Cl 43.0; С 18.2; H 3.1; Ν 4.3; S 14.6. 
found: Fe 16.4; Cl 41.0; С 18.1; H 3.0; Ν 4.2; S 14.9. 
Colour: yellow. 
Χ = Br. Anal. cale, for Fe^r-C Η I^S,: 
Fe 11.0; Br 63.0; С 11.8; Η 2.0. 
found: Fe 10.6; Br 62.3; С 12.5; Η 2.6. 
Colour: red. 
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(Et.bitt)CoCl, 
-ч ч 
This compound was obtained in the same way as the iron compounds, 
but using Co(Et2dtc)? (13) instead of Fe(Et dtc),. 
(Et4bitt)(SbCl6)2 
Apart from the exhaustive chlorination of Sb(Et„dtc)_ (5) 
in CHC1, this product may also be produced by the reactions of 
NOSbCl, (H) with Na(Et„dtc).3H„0 or with Et.tds (3) in CHC1,. 
D ¿ 1 Ц J 
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APPENDIX 
THE 3)5-BIS(N,N-DIALKYLIMINIUM)TRITHIOLANE-],2,4 ION 
Introduction 
In chapter III a new type of compound was used as a reagent. 
We found this kind of compound for the first time by working out 
a reaction described by Tamminen and Hjelt (1). These workers 
obtained a product with the formula FeC.H NS.C1, from the reaction 
of FeCl with Et.tds. The product was formulated as (C2H,)2NC(S)S-Cl.FeC 
We found that the same product could be obtained by the reaction of 
Fe(Et dtc), or FeCl(Et.dtc). with chlorine (2). Exhaustive bromination 
of Fe(Et dtc), or FeBr(Et-dtc). yields the bromine analogue. 
Properties of (Et ,bitt) (FeX,^ (X = CI, Br) 
Magnetic susceptibility 
Magnetic susceptibility measurements in the temperature range 
of 90-300 К show both complexes to have a magnetic moment of 5.93 BM. 
The Curie-Weiss law is valid in this range and the Weiss constant is 
0 K. These data indicate that high spin Fe(JIJ) is present. 
Mössbauer spectrum 
From the Mössbauer spectrum of the chlorine compound, the 
isomer shift (0.90 mm/sec relative to Na,Fe(CN) ) and the quadrupole 
splitting (0.22 mm/sec) are found to be equal to the values for 
(Et4N)+FeCl¡ (3). 
Infrared spectrum 
In the IR spectra there is no evidence for Fe-S vibration 
bands around 330-360 cm (in FeiEt.dtc), vFe-S is found at 335 
and 355 cm"1, in FeCl(Et2dtc)2 at 353 cm"1 (4)). 
The Fe-Cl and Fe-Br stretching frequencies are found at 386 
and 296 cm respectively while they are found at 378 and 290 cm 
in (Et,N)FeCl, and (Et N)FeBr, respectively (5). The IR spectra 
in the range 700-200 cm are shown in figure A.1. 
Ill 
700 
Fig A.J. Far infrared spectra of (Et.bitt)(FeCl,) (a) and 
(Et4bitt)(FeBr4)2 (b). 
Structure 
Magnetic and spectroscopic measurements indicate that the 
compounds contain FeCl, and FeBr, respectively, so the dithio-
carbamate unit has to be present as a cation. 
Because of decomposition in polar solvents investigations of 
the cation by means, for example, of electrical conductivity 
measurements, are impossible. 
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Initially the cation was believed to consist of a s-tetrathiane 
ring (2): 
θ 
R2N • 4 „ „/c 
φ 
:
 NR0 
"S S 
Further investigation, however, indicated that a trithiolane ring 
is present. In particular the sulfur analysis offers good proof 
for this. The other analyses are not sensitive enough to show that 
one sulfur atom is missing. Thus the cation has to be formulated as 
4 ?• , / С = NR„ 
a 3,5-bis(N,N-dialkyliminium)trithiolane-l,2,4 ion. 
Conclusive evidence for this was given by an X-ray determination 
of a compound synthesized by Brinkhoff (6) which was believed to 
2+ . 2-
contain the (Et„dtc)7 cation and the Hg-I- anion. Structural 
studies showed that this compound was 
© 
Et2N • \, ,/ 
;
 NEt„ (Hg2i6) 
2+ 
2- (7). 
For the dipositive ion we use the abbreviation (R.bitt) 
The largely double bond character of the C-N bond as can be 
seen from the structural formulation given above is in accordance 
with the very high C-N stretching frequency found for this compound. 
Whereas in the metal dithiocarbamates and in the metal 
dihalogenothiuramdisulfide complexes (e.g. HgI.(Et,tds)) this 
frequency is observed in the 1500-1540 cm region, for the 
complexes (Et,bitt)(FeX,). a value of 1568 cm is found for this 
absorption. At 607 cm an absorption band is found that can be 
ascribed to the C-S stretching frequency which is usually found 
in the 705-570 cm region (8). 
(RAbitt) 
2+ ions with other anions 
The oxidation of CuBr.(Bu-dtc) by Br. was also studied. 
Further investigations of the results reported by Brinkhoff (6) 
showed that the complex formed was (Bu,bitt)Cu2Br,. 
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On spectroscopic grounds it is assumed that the exhaustive 
halogenation of CodLdtc) with CI, or Br yields (R,bitt)CoX, 
(R = Me, Et; X = Cl, Br). Here, too, a large increase is found 
in the C-N stretching frequency, which is observed at 1580 cm 
for R = Me and at 1558 cm for R = Et. In Cc(R dtc), this 
-1 
absorption frequency is found at 1510 and 1498 cm for R = Me 
and Et respectively. In the far infrared spectrum of (R,bitt)CoX, 
-1 -1 
a band is found at 305 cm when X = CI and at 230 cm when X = Br. 
Literature data (9) locate the bands for the Co-Cl and Co-Br 
2- -1 
stretching frequencies in CoX, at 297 and 231 cm respectively. 
From the exhaustive chlorination of Sb(Et.dtc),, from Et,tds 
Li ч 
and NOSbCl, or from Na(Et.dtc) and NOSbCl. a compound was produced 
ο £. _. о 
which had a C-N frequency of 1577 cm as compared with an 
absorption at 1488 cm in Sb(Et»dtc),. Therefore we assume 
(Et.bitt) (SbCl,.). to be present. Peaks due to the Sb-Cl stretching 
frequency are found at 343 and 275 cm , where the literature gives 
337 cm"'. 
Attempts to get analogous nickel, palladium and platinum 
. . 2+ 
compounds resulted in the decomposition of the ligand and no bitt 
products containing those metals could be synthesized. 
The reaction mechanism in the oxidation of dithiocarbamates to 
bis(dialkyliminium)trithiolane compounds. 
To get some insight into the course of the oxidation of a 
dialkyldithiocarbamato complex with halogens to a bis(dialkyliminium)-
trithiolane compound we studied the reactions already mentioned by 
Brinkhoff (6), Hgl (Et.tds) + I. and CuBr.(Bu2dtc) + Br-. 
Reaction of 2 mol of Hgl_(Et.tds) and 1 mol of I- yielded 
1 mol of (Et,bitt)Hg9I<.. If Et.tds and S are assumed to be formed 
as by-products the reaction equation can be completed as: 
2HgI2(Et,tds) +
 I2 "*" (Et4bitt)Hg2I6 + Et^tds + S 
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If this equation is correct, a direct formation of (Et .bitt)Hg,,I 
from Hgl., I. and Et.tds has to be possible, as Hgl (Et.tds) is 
prepared according to the reaction Hgl„ + Et tds -*• Hgl» (Et, tds) . 
A reaction of 2 mol of Hgl„, l mol of I. and 1 mol of Et.tds 
indeed resulted in a quantitative yield of the bitt complex 
according to the reaction equation: 
2HgI2 + I2 + EtAtds -> (Et4bitt)Hg2I6 + S. 
Investigations of Beurskens et al. have elucidated the 
molecular structure of (Et ,bitt)Hg„Ii. (7), whereas the structure 
4 ¿ о 
of HgI9(Et.tds) is assumed to be the same as that of the methyl 
compound of which the structure is known (11). The skeleton of the 
(Et.bitt) ion and the structure of Hgl.(Me,tds) are given in figure A.2. 
2+ 
Fig A.2. The structures of (Et.bitt) (a) and II·»!,, (Me. tds) (b) 
ч ζ 4 
Comparing both structures we see that, after breaking the Hg-S 
bond of the thiuramdisulfide complex and after rotation about 
the single S--S bond, the two sulfur atoms Sj and S, hinder 
each other. When one of those atoms is removed the result is the 
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2+ bitt skeleton without any strain. The atoms in (Et.bitt) 
nearly lie in a plane and all the distances are almost those of 
the corresponding ones in the thiuramdisulfide complex. In an 
attempt to postulate a mechanism we have come to the scheme of 
figure A.3. The iodine molecule attacks at the positive metal 
centre with breaking of the Hg-S and the I-I bonds. Ring closure 
takes place with removal of S and I . Attack of this I ion at 
2- 2+ 2-
the Hg centre results in the formation of Hgl, and bitt . Hgl, 
and Hgl, together form Hg.I, . 
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Fig A.3. Proposed scheme for the reaction of HgI2(R,tds) and I . 
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After the reaction of CuBr.(Bu_dtc) and Br* S.Br« was found as 
well as (Bu.bitOCu.Br,. An optimum yield of the bitt complex was 
obtained when 4 mol of CuBr.(Bu.dtc) and 3 mol of Br. were brought 
together. The reaction equation can be written: 
4CuBr2 (Bu.dtc) + ЗВг. -»• 2(Bu,bitt)Cu2Br6 + S 2Br 2 
The yield of the bitt complex calculated on Cu is 86% according 
to this equation. If less than 3 mol of Br. is used some sulfur 
is found as well as (Bu.bittJCu.Br,, whereas not all CuBr.(Bu.dtc) 
is found to have reacted. 
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ABBREVIATIONS USED IN THE TEXT: 
Abbreviation 
R2dtc 
R2dsc 
R2mtc 
R2tsc~ 
R.tds 
R /bitt
2 + 
4 
Compound Struatural jorrnula 
Ν,Ν-dialkyldithiocarbamato anion R9NC(S)S 
Ν,Ν-dialkyldiselenocarbamato anion R MC(Se)Se 
N,N-dialkylmonothiocarbamato anion R9NC(S)0 
Ν,Ν-dialkylthioselenocarbamato anion R9NC(S)Se 
Ν,Ν,Ν',Ν'-tetraalkylthiuramdisulfide R2NC(S)SSC(S)NR2 
3,5-bis(N,N-dialkyliminium)-l,2,4-
trithiolane cation 
Me 
Et 
Pr 
Bu 
Bz 
іРг 
РУ 
methyl 
ethyl 
η-propyl 
η-butyl 
benzyl 
iso-propyl 
pyridine 
tfd bis(perfluoromethyl)dithiolene 
dianion 
A ** 
R„NC CNR, 
2
 \ / 2 
S-S 
-CH3 
-с2н5 
-
C3 H7 
-
C4 H9 
-сн2с6н5 
-сн(сн3)2 
/ C H 2 - C J 2 
HN 4 / .2 
C H 2 - C H 2 
CF.-C-S 2~ 
3
 1: 1; 
CF^-C-S 
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SUMMARY 
The stabilization of formal high oxidation states of transition 
metals has attracted considerable attention in recent years. 
Dithiocarbamato ligands appeared to be suitable for producing 
such a stabilization. 
The synthesis of Ni(R dtc), in which Ni has the unusually 
high oxidation state of +4, prompted us to search for more 
information about the underlying reaction. 
Oxidation of Ni(Bu„dtc). with iodine was performed at -30 , 
and produced a paramagnetic Ni(JJJ) complex, Ni(Bu dtc)„I. This 
compound is an intermediate in the oxidation at higher temperatures 
where Ni(Bu„dtc) is the final product. 
For our further investigations the transiten metals Pd and Ft 
were chosen in view of both their similarities and their differences 
with respect to Ni. The slow substitution rates of Pd and Pt 
complexes, the non-existence of the K.(iII) state and the ready 
accessibility of the М(ХУ) state were reasons to expect the isolation 
of other intermediates in the oxidation reaction. 
Most investigations were performed for the Pt complexes as 
the Pd products appeared to be unstable in several solvents. 
Oxidation of MCBu.dtc)« (M = Pd, Pt) with halogens yielded 
M(II/)(Bu2dtc)2X2. 
Two geometrical isomers of Pt(Bu dtc)_I. could be prepared. 
The trans isomer converts to the cis isomer. This conversion was 
followed by means of NMR techniques and the kinetic parameters show 
that the process most probably proceeds via a bond-breaking mechanism. 
NMR experiments also show an exchange process for the cis compound. 
In a rigid pseudo-octahedral structure there are two non-equivalent 
ot-CH- sites, and in each a-CH, group the protons are diastereotopic. 
So two AB spectra are expected for the a-CH. group. Between -100 
and +110 only two triplet signals are observed. The explanation of the 
spectrum was sought in the small shift difference which causes the 
lost of diastereotopy. More information was obtained by recording 
temperature dependent spectra of cis-Pt(MeBzdtc)_I9. The combined 
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results point to a rigid structure up to 110 . At this temperature 
an exchange is observed. The activation entropy of this process is 
is as low as -37 eu., so a bond-breaking mechanism is postulated. 
M(Bu7dtc)?X2 could be oxidized to M(Bu2dtc)_ species by 
means of Bu.tds. The properties of Pd(Bu dtc), and Pt(Bu dtc), 
do not differ much form those of Ni(Bu.dtc).. The NMR spectra of 
the a-CH9 groups in M(Bu„dtc), should show an AB pattern due to 
the diastereotopy of the protons, but only a single signal was 
observed in experiments between -70 and 37 . No definite explanation 
can be given for this observation which is in marked contrast 
to the reported behaviour of Co(R,dtc), and other M(dtc), systems. 
In direct reactions, starting from Pd(Bu,dtc)9 or Pt(Bu,dtc). 
2+ 
the tnsdithiocarbamato complexes can be obtained with Bu.bitt 
ч 
compounds; in addition the oxidation of Pd(Bu.dtc)_ also can be 
performed with Cu (IXT) Br (Bu .dtc). The oxidation potential of Pd(JJ) 
is evidently higher than the oxidation potential of Си(ХГ), 
as Pd(Bu7dtc)- cannot be oxidized with CuBr.(Bu dtc). 
To elucidate the function of the donor atom Ni(dsc). and 
Ni(mtc)2 were investigated. 
The complexes in which selenium is present do not differ much 
in their properties from Ni(dtc),. They are readily oxidized with 
halogens to stable Ni(dsc), products which have properties analogous 
to Ni(dtc),. In contrast, the oxidation of Ni(mtt)- with halogens 
only leads to decomposition of the ligand. 
The electron density on the Ni atom in Ni(dsc). and Ni(dtc)., 
is about the same, as no adducts with electron donors are found 
for either compound. For Ni(mtc)- the electron density on the 
metal atom must be far lower because stable compounds could be 
isolated with pyridine. 
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SAMENVATTING 
De stabilisatie van formeel hoge oxidatietoestanden van over­
gangsmetalen trekt de laatste jaren veel aandacht. Voor het bereiken 
van een dergelijke stabilisatie is het dithiocarbamaat een geschikt 
ligand. 
Het bereiden van Ni(R dtc),, waarin Ni in de ongewoon hoge 
oxidatietoestand +4 voorkomt, was de aanleiding om meer gegevens te 
gaan zoeken over de reaktie die bij deze bereiding optreedt. 
Oxidatie van Ni(Bu-dtc)7 met jodium bij -30 gaf als resultaat 
een paramagnetisch Иі(ЛГ) complex: Ni(Bu„dtc)9I. Deze verbinding 
is een intermediair bij de oxidatie bij hogere temperatuur waar 
NiiBu^dtc), het eindproduct is. 
Voor de verdere onderzoekingen werden Pd en Pt gekozen op grond 
van bepaalde overeenkomsten en verschillen die er bestaan tussen 
deze overgangsmetalen en Ni. Redenen om de isolatie van andere inter-
mediairen in de oxidatiereaktie te verwachten zijn de lage sub­
stitutiesnelheid van Pd en Pt complexen, het niet bestaan van de 
M(JJJ) toestand en de gemakkelijke toegankelijkheid van de М(ІУ) toestand. 
Omdat de Pd Produkten instabiel waren in de meeste oplosmiddelen, 
werden de onderzoekingen voornamelijk uitgevoerd aan de Pt complexen. 
Dö oxidatie van M(Bu-dtc)„ (M = Pd, Pt) met halogenen leverde 
M(IV)(Bu2dtc)2X2. 
Van Pt(Bu„dtc)7I„ werden twee geometrische isomeren gevonden. 
De trans isomeer is de minst stabiele en gaat over in de cis isomeer. 
Deze omlegging kon met behulp van NMR spectroscopie gevolgd worden: 
de kinetische parameters wijzen op een bandbreking als het meest 
waarschijnlijke mechanisme voor dit proces. NMR experimenten laten 
zien dat er ook een uitwisselingsproces optreedt bij de cis isomeer. 
In een starre pseudo-oktaedrische struktuur zijn er twee niet-
equivalente a-CH„ sites en in elke a-CH, groep zijn de protonen 
diastereotoop. Er worden dus twee AB spectra verwacht van de a-CH-
groepen. We zien echter slechts twee triplet signalen in het temperatuur-
interval van -100 tot +110 . Het spectrum wordt verklaard door aan 
te nemen dat de shift-verschillen klein zijn en dat daardoor de 
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diastereotopie verloren gaat. Extra informatie werd verkregen uit 
de temperatuur-afhankelijke spectra van cis-Pt(MeBzdtc)«!.. De ge-
combineerde informatie wijst op een starre struktuur tot 110 . Bij 
deze temperatuur wordt in beide complexen een uitwisselingsproces 
waargenomen. Aangezien de aktiverings-entropie voor dit proces 
-37 eu is, is ook hier een bandbrekingsmechanisme aannemelijk. 
M(Bu.dtc)7X„ kan tot een MÍBu-dtc). verbinding worden ge-
oxideerd met Bu.tds. De eigenschappen van PdCBu^dtc) en Pt(Bu.dtc)-
verschillen nauwelijks van die van Ni(Bu.dtc),. De NMR spectra van 
de α-СН, groepen in M(Bu7dtc), zouden als gevolg van de diastereo­
topie van de protonen een AB patroon moeten vertonen, maar slechts 
één signaal werd waargenomen in het temperatuurgebied waarin ge-
meten werd (-70 tot 37 ). Voor dit gedrag dat in opmerkelijk con-
trast is met het in de literatuur genoemde gedrag van andere 
M(dtc)- systemen, onder andere het isoëlectronische, isostructurele 
Co(dtc),, kan geen definitieve verklaring gegeven worden. 
Trisdithiocarbamato complexen van Pd en Pt kunnen ook verkregen 
worden door directe reakties van M(Bu9dtc)„ (M = Pd, Pt) met 
2+ . . 
Bu.bitt verbindingen, terwijl PdiBu.dtc), ook kan worden geoxi-
deerd met Cu(JIJ)Br2(Bu2dtc). De oxidatiepotentiaal van Pd(JJ) is 
hoger dan de oxidatiepotentiaal van Cu(JJ), omdat Pd(Bu-dtc)-
niet met CuBr_(Bu.dtc) reageert. 
Om een duidelijker beeld te krijgen over de rol die het donor 
atoom vervult, werden Ni(dsc)- en Ni(mtc). onderzocht. 
De complexen met selenium verschillen niet veel in eigenschap-
pen met hun zwavel analogen. Ze worden gemakkelijk met halogenen 
geoxideerd tot stabiele verbindingen: Ni(Bu„dSc) , die dezelfde 
+ 
eigenschappen hebben als Ni(dtc),. In tegenstelling hiermee leidt 
de oxidatie van Ni(mtc)9 slechts tot ontleding van het ligand. 
De elektronendichtheid op het Ni atoom in Ni(dsc) en Ni(dtc)„ 
is ongeveer hetzelfde omdat adducten met electronendonors voor 
geen van beide complexen worden gevonden. Wel kunnen stabiele ver-
bindingen van Ni(rate), met pyridine worden geïsoleerd, zodat voor 
Ni(mtc)„ de elektronendichtheid op het metaal aanzienlijk lager 
moet zijn. 
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ν 
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VI 
Om paramagnetische Со(Ш) complexen te bereiden kan men met goed 
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